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Abstract 
This article presents details of the development of a special class of laminate, possessing 
Extension-Shearing Bending-Twisting coupling, necessary for optimised passive-
adaptive flexible wing-box structures.  The possibility of achieving a measurable drag 
reduction in cruise flight, without the cost or reliability issues associated with active 
control mechanisms, is of significant interest for achieving increased fuel burn efficiency, 
and meeting associated emissions targets.  The introduction of passive Bending-Twisting 
coupling at the wing-box level has been previously demonstrated through laminate level 
tailoring with Extension-Shearing coupling only, but the limited design space and the 
possibility for ply terminations (to produce tapered thickness) effectively rule out this 
special class of laminate for practical construction.  The study is now broadened to 
consider laminates with Extension-Shearing and Bending-Twisting coupling, beyond the 
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less well-known un-balanced and symmetric design rule or indeed balanced and 
symmetric designs with off-axis alignment.  Results reveal a vast laminate design space 
with Extension-Shearing coupling that can be maximised without the unfavourable 
strength characteristics associated with off-axis alignment.  Results also reveal that shear 
buckling strength can be maximised through Bending-Twisting coupling when load 
reversal is not a design constraint.   
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Nomenclature 
A, Aij  = extensional stiffness matrix and its elements  
B, Bij  = coupling stiffness matrix and its elements  
D, Dij  = bending stiffness matrix and its elements  
E1,2, G12  = in-plane Young’s moduli and shear modulus 
H  = laminate thickness (= number of plies, n  ply thickness, t) 
kxy  = non-dimensional buckling load factor in shear 
M  = vector of moment resultants ( = {Mx, My, Mxy}T) 
N  = vector of force resultants ( = {Nx, Ny, Nxy}T) 
n  = number of plies in laminate stacking sequence 
Qij  = reduced stiffness elements 
Qij  = transformed reduced stiffness elements 
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t  = ply thickness 
UE, UG  = laminate invariants for equivalent isotropic properties, EIso and GIso  
U, U  = laminate invariants for orthotropic properties and Poisson ratio 
x,y,z  = principal axes 
zk  = layer k interface distance from laminate mid-plane 
  = vector of in-plane strains (= {x, y, xy}T) 
  = vector of curvatures (= {x, y, xy}T) 
  = buckling half-wave 
ij  = Poisson ratio 
k  = ply orientation for layer k 
A ,
A
   = lamination parameters for orthotropic extensional stiffness 
A
c ,
A
c   = lamination parameters for coupled extensional stiffness 
D ,
D
   = lamination parameters for orthotropic bending stiffness 
D
c ,
D
c   = lamination parameters for coupled bending stiffness 
  = bending stiffness parameter for laminate (= n3) 
  = bending stiffness parameter for angle-ply sub-sequence  
+,  = bending stiffness parameter for positive/negative angle-ply sub-sequence  
,  = bending stiffness parameter for cross-ply sub-sequences 
,,  = angle plies, used in stacking sequence definition 
,  = cross-plies, used in stacking sequence definition 
 
 4 
Matrix sub-scripts 
0 = All elements zero 
F = All elements Finite 
I = Isotropic form 
S = Specially orthotropic or Simple form 
 
1. Introduction 
This article is one in a series, investigating unique forms of thermo-mechanically 
coupling behaviour for laminated composite materials.  These are described collectively 
in an original article [1], identifying all 24 possible coupling interactions between 
Extension, Shearing, Bending and Twisting.   
Here, attention is focussed on the identification of laminated composite materials 
possessing mechanical Extension-Shearing and Bending-Twisting coupling, in which the 
in-plane properties are decoupled from out-of-plane properties.  It complements two 
previous article on isolated mechanical Extension-Shearing coupling [2] and isolated 
mechanical Bending-Twisting coupling [3].   
The motivation for this study is to explore the potential for maximising Extension-
Shearing coupling, whilst minimising the detrimental effects of Bending-Twisting 
coupling.  It was demonstrated that this can achieved with standard ply orientations used 
in current industrial design practice, without using off-axis alignment of the principal 
material axis [4,5].  This approach is known to have a detrimental effect on material 
strength constraints that must be avoided.  Note that whilst Bending-Twisting coupling 
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has detrimental effects on compression buckling strength [3], it does have the potential to 
increase shear buckling strength, as this article will demonstrate. 
A complete list of Extension-Shearing Bending-Twisting coupled laminate is therefore 
developed, beyond the less well-known un-balanced and symmetric design rule [6].  The 
listings contain laminates with up to 21 plies; or 42 plies if the data is interpreted as the 
symmetric half of the laminate stacking sequence definition.   
Laminate stacking sequence configurations are derived in symbolic form together with 
dimensionless parameters from which the extensional and bending stiffness terms are 
readily calculated; solutions are therefore independent of the fibre/matrix system and 
angle-ply orientation.   
Unlike many previous studies in the literature, the results are applicable to, and indeed 
presented as laminate designs containing 0o, 90o, 45o and -45o ply orientations only, which 
is standard industrial design practice. 
Expressions relating the dimensionless parameters to the well-known ply orientation 
dependent lamination parameters are also given, together with graphical representations 
of feasible domains for a range of ply number groupings, i.e., a set of laminate designs 
with a specific number of plies (n). 
Quasi-Homogeneous laminates are also introduced as an important sub-set of Extension-
Shearing Bending-Twisting coupled laminates, since such laminates have concomitant 
orthotropic properties, i.e., matching orthotropic stiffness in extension and bending.  
Quasi-Homogeneous designs permit ply percentage and buckling strength contours to be 
mapped onto the same lamination parameter design space, and thus serve to demonstrate 
the effect on buckling strength of ignoring the presence of Bending-Twisting coupling.   
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New insights are provided into the relative shear buckling strength with respect to 
lamination parameters and lamination parameter design spaces, by way of an introduction 
to an accompanying article [7], which explores in detail the effect of Bending-Twisting 
coupling on compression and shear buckling strength, and is applicable to the data 
presented here, as well as to data for laminates with Bending-Twisting coupling only [3].   
The remainder of this article is arranged as follows.  Section 3 provides an overview of 
mechanical coupling behaviour before details of the derivation of definitive listings of 
Extension-Shearing Bending-Twisting coupled laminate configurations are presented, 
with up to 21 plies.  Section 4 provides information on the extent of the feasible design 
space for Extension-Shearing Bending-Twisting coupled laminates, including the 
dominant forms of sub-sequence symmetries.  Extension-Shearing Bending-Twisting 
coupled laminates arises from un-balanced and symmetric designs [6], but symmetry is 
shown here to be a sufficient rather than a necessary constraint.  Expressions for ply 
orientation dependent lamination parameters are also given, together with graphical 
representations, which allow the available design space to be visually interrogated.  The 
use of ply percentage mapping, as an approach to design for bending stiffness, is also 
discussed in the context of Quasi-Homogeneous laminates.  Section 5 describes the 
association between ply percentages and shear buckling strength for simply supported 
plates, through a similar mapping procedure.  Classical Garland curves are then presented 
in a form that permits an assessment of the bounds on the shear buckling strength of 
Extension-Shearing Bending-Twisting coupled laminates across a range of aspect ratios.  
Finally, conclusions are drawn in Section 6. 
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2. Mechanical Coupling 
Laminated composite materials are characterized in terms of their response to mechanical 
(and/or thermal) loading, which is associated with a description of the coupling 
behaviour, unique to this type of material.  The coupling behaviour relevant to this study 
is presented in Table 1, together with the others in this series of related articles.  All share 
the common feature that couplings between in-plane (i.e., extension or membrane) and 
out-of-plane (i.e., bending or flexure) responses, hence thermal warping distortions, are 
eliminated by virtue of the fact that Bij  0 in Eq. (1). However, these laminates possess 
coupling between in-plane shearing and extension is present when Axs = Ays  0, and 
bending and twisting when Dxs = Dys  0.   
x xx xy xs x xx xy xs x
y xy yy ys y xy yy ys y
s xs ys ss s xs ys ss s
x xx xy xs x xx x
y xy yy ys y
s xs ys ss s
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         
                
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    
     
        
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xs ys ss s
D
D D D
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


   
   
  
     
 (1) 
Whilst Eq. (1) describes the well-known ABD relation from classical laminate plate 
theory, it is more often expressed using compact notation: 
     
    
     
N A B ε
M B D κ
 
(2) 
The coupling behaviour, which is dependent on the form of the elements in each of the 
extensional [A], coupling [B] and bending [D] stiffness matrices, is now described by an 
extended subscript notation, defined previously by the Engineering Sciences Data Unit, 
or ESDU [8] and subsequently augmented for the purposes of this series of articles.  
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Hence, laminates with coupling between Extension and Shearing, and Bending and 
Twisting, are referred to by the designation AFB0DF, signifying that the elements of the 
extensional stiffness matrix [A] are finite, i.e.: 
xx xy xs
xy yy ys
xs ys ss
A A A
A A A
A A A
 
 
 
 
 
 
(3) 
the coupling matrix [B] is null, whilst all elements of the bending stiffness matrix [D] are 
finite, i.e.: 
xx xy xs
xy yy ys
xs ys ss
D D D
D D D
D D D
 
 
 
 
 
 
(4) 
where the elements of the stiffness matrices are derived from the well know relationships: 
 
 
 
'
1
' 2 2
1
' 3 3
1
/ 2
/ 3
ij ij k k
ij ij k k
ij ij k k
A Q z z
B Q z z
D Q z z



 
 
 


  
(5) 
Note that the term fully uncoupled orthotropic laminate is synonymous with specially 
orthotropic or Simple laminate.  Such laminates possess none of the coupling 
characteristics described above and are represented by the designation ASB0DS, since the 
elements of the extensional and bending stiffness matrices are Simple or specially 
orthotropic in nature, e.g. the bending stiffness matrix [D] becomes: 
0
0
0 0
xx xy
xy yy
ss
D D
D D
D
 
 
 
  
 
(6) 
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Extensionally Isotropic laminates, with the designation AIB0DS and Fully Isotropic 
laminates, with the designation AIB0DI, represent sub-sets of Simple laminates and are 
useful for benchmarking purposes.  In the former case, the extensional stiffness matrix 
with designation AS is replaced with AI to indicate extensional isotropy, given that: 
xx yyA A  (7) 
  / 2ss xx xyA A A   (8) 
In the latter case, the bending stiffness matrix with designation DS is replaced with DI to 
indicate bending isotropy, and hence full isotropy, given that, in addition to the Eqs (7) 
and (8): 
2 /12ij ijD A H  (9) 
where H is the laminate thickness. 
Quasi-Homogeneous laminates possess concomitant stiffness properties, i.e., matching 
stiffness in extension and bending, as described by Eq. (9); these are presented elsewhere 
for Simple or uncoupled laminates [1].   
This article presents therefore the definitive list of cross-ply and/or angle-ply stacking 
sequences for Extension-Shearing Bending-Twisting (or E-S;B-T) coupling, with the 
designation AFB0DF, together with the dimensionless stiffness parameters from which the 
elements of the extensional [A] and bending stiffness [D] matrices are readily calculated.  
These new stacking sequences complement the definitive list of Fully Orthotropic (or 
Simple) laminates, with the designation ASB0DS, for up to 21 plies [9] together with 
Extension-Shearing (or E-S) coupling, with the designation AFB0DS [2] and Bending-
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Twisting (or B-T) coupling, with designation ASB0DF [3].  These related mechanical 
coupling designations are summarized in Table 1. 
3. Derivation of stacking sequences 
In the derivation of this list for (but not restricted to) standard angle-ply configurations, 
i.e., ±45, 0 and 90°, the general rule of symmetry is relaxed. Symmetric stacking 
sequences are ubiquitous in composite laminate design practice, for the simple reason that 
their use guarantees the laminate will remain flat, or warp free, after high temperature 
curing [10].  Non-symmetric laminates are commonly associated with, or often 
(incorrectly) used to describe [11], configurations that warp extensively after high 
temperature curing.  However, non-symmetric stacking sequence configurations will be 
shown to provide the same thermo-mechanical properties as their symmetric counterpart, 
but are part of a much larger and generally unexplored design space.  Un-balanced 
stacking sequences introduce Extension-Shearing coupling, which is eliminated only by 
using matching pairs of angle-ply layers [8].   
For compatibility with previously published data [12], similar symbols have been adopted 
for defining all stacking sequences that follow.  However, additional symbols and 
parameters are necessarily included to differentiate between cross plies (0° and 90°), 
given that symmetry about the laminate mid-plane is no longer assumed.   
The resulting sequences are characterized by sub-sequence symmetry using a double 
prefix notation, the first character of which relates to the form of the angle-ply sub-
sequence and the second character to the cross-ply sub-sequence. The double prefix 
contains combinations of the following characters: A to indicate Anti-symmetric form; N 
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for Non-symmetric; and S for Symmetric. Additionally, for cross-ply sub-sequences only, 
C is used to indicate Cross-symmetric form. 
To avoid the trivial solution of a stacking sequence with cross plies only, all sequences 
have an angle-ply () on one outer surface of the laminate.  As a result, the other surface 
ply may have an angle-ply of equal () or opposite () orientation or a cross ply ( or 
), which may be either 0 or 90.   
Non-dimensional parameters are derived with each stacking sequence, which provide a 
compact data set allowing the extensional and bending stiffness properties to be readily 
calculated for any fibre/matrix system and angle-ply orientation. 
3.1 Development of non-dimensional parameters 
The development of non-dimensional parameters is demonstrated, by way of an example 
for a 16-ply symmetric laminate stacking sequence [/////+2/]S, in Table 2. The 
first two columns of Table 2 provide the ply number and orientation, respectively, whilst 
subsequent columns illustrate the summations, for each ply orientation, of  1k kz z  , 
 2 2 1k kz z   and  3 3 1k kz z  , relating to the A, B and D matrices, respectively.  Here, the 
distance from the laminate mid-plane, z, is expressed in terms of ply thickness t; assumed 
to be unit value. 
The non-dimensional parameters arising from the tabular summations are as follows.  For 
the extension stiffness matrix [A]: the number of (0 = 90) cross plies  
4o o
A
n n   ,  
the number of negative angle plies  
 12 
0
A
n    
the number of positive angle plies  
8
+
A
n    
Due to the balanced nature of this class of laminate, angle ply results may be conveniently 
combined to a single parameter  
n n n    . 
and the total number of plies, n = n + n + n + n. 
The coupling stiffness matrix [B] summations confirm that Bij = 0 for this laminate.   
For the bending stiffness matrix [D]: the bending stiffness parameter for (0 and 90) 
cross plies, representing the relative contribution to the overall bending stiffness of the 
laminate, is given by:  
4 4 256 1024,o o  
D
        
and the bending stiffness parameter for positive angle plies  
4 4 512 2048, 
D
       
where a factor of 4 is introduced to facilitate a direct relationship between the non-
dimensional parameters for extensional stiffness, i.e., the total number of plies, n, and the 
non-dimensional parameters for bending stiffness, i.e.,  
3 316 4096on               
Extension-Shearing Bending-Twisting coupled (ASB0DF) laminates satisfy the following 
non-dimensional parameter criteria: 
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n n   
    
(10) 
whilst n+ = n- and + = - are the conditions giving rise to the Simple laminate classes. 
3.2 Extensional and Bending stiffness relations 
Inserting the non-dimension parameters into Eqs (5) for the extensional [A] and bending 
[D] stiffness matrices gives the following relations: 
o o ij ij ij ij ijA n Q n Q n Q n Q t               
(11) 
3 /12o oij ij ij ij ijD Q Q Q Q t                  
(12) 
Containing the usual transformed reduced stiffness terms in Eqs. (11) and (12) are given 
by: 
         
          
           
         
' 4 2 2 4
11 12 66 22
' ' 2 2 4 4
11 22 66 12
' ' 2 2
11 12 66 12 22 66
' 4 2 2 4
11 12 66 22
' '
1
cos 2 2 cos sin sin
4 cos sin cos sin
2 cos 2 sin cos sin
sin 2 2 cos sin cos
xx
xy yx
xs sx
yy
ys sy
Q Q Q Q Q
Q Q Q Q Q Q
Q Q Q Q Q Q Q Q
Q Q Q Q Q
Q Q Q
   
   
   
   
   
     
        
   
             
          
2 2
1 12 66 12 22 66
' 2 2 4 4
11 22 12 66 66
2 sin 2 cos cos sin
2 2 cos sin cos sinss
Q Q Q Q Q
Q Q Q Q Q Q
   
   
      
     
 
(13
) 
and the reduced stiffness terms by: 
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 
   
 
11 1 12 21
12 12 2 12 21 21 1 12 21
22 2 12 21
66 12
/ 1
/ 1 / 1
/ 1
Q E
Q E E
Q E
Q G
 
     
 
 
   
 

 (14) 
For compactness of the data presented in the definitive listing of laminate stacking 
sequences that follow, for each ply number grouping, n, Eqs. (12) are re-cast as: 
     
      3
/ 1 /
/ 1 / /12
o o o
o o o
ij ij ij ij ij
ij ij ij ij ij
A n n n Q n n n Q n Q n n n Q t
D Q Q Q Q t         
         
         
           
           
 
(15
) 
to account for missing parameters n  and   , the fact that n n   in un-balanced 
laminates and the inclusion of the ratio /   , indicating the degree of Bending-Twisting 
coupling. 
3.3 Lamination parameters relations 
Lamination parameters facilitate the graphical inspection of feasible design space for 
Extension-Shearing Bending-Twisting coupled laminates, which are presented in Section 
4.  They also facilitate the formulation of a simple proof for the non-dimensional 
parameter criteria for this class of laminate, given in Eqs (10); this is provided in the 
electronic appendix.  In the context of the non-dimensional parameters presented in the 
current article, the necessary lamination parameters are related through the following ply 
orientation dependent expressions: 
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 
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 
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
  
    
  
    
  
     
       
     
n 2 /
/ sin 4 1 / sin 4
sin 4 sin 4 /o o o       
A
c
n
n n n n n n
n n n n n


  
 

       
 

  
    
 (16)  
relating to extensional stiffness, and 
       
     
       
     
       
   
3
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o o o
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D
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     
        
    
        
 
       
 
        

  
    
  
    
  
     
       
     
3
3
sin 2 /
/ sin 4 1 / sin 4
sin 4 sin 4 /o o o       
D
c
n
n


        
     

       
 

  
    
 (17) 
relating to bending stiffness.   
Elements of the Extension-Shearing coupled extensional stiffness matrix [A] are related 
to the lamination parameters [13] by: 
 
2 / 2
2 / 2
/ 2 / 2
A
A A A A A
E E G c c
A A A A A
E G E c c
A A A A A
c c c c G
U U U U U U U U
H U U U U U U U U
U U U U U U
     
     
     
    
    
    
   
   
   
     
 
      
    
 (18) 
and the fully populated bending stiffness matrix [D] by: 
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 
3
2 / 2
2 / 2
12
/ 2 / 2
D
D D D D D
E E G c c
D D D D D
E G E c c
D D D D D
c c c c G
U U U U U U U U
H
U U U U U U U U
U U U U U U
     
     
     
    
    
    
   
   
   
     
 
      
    
 (19) 
where the laminate invariants are given in terms of the reduced stiffnesses of Eqs (14) by: 
 
 
 
 
11 22 12 66
11 22 12 66
11 22
11 22 12 66
3 3 2 4 / 8
2 4 / 8
/ 2
2 4 / 8
E
G
U Q Q Q Q
U Q Q Q Q
U Q Q
U Q Q Q Q

   
   
 
   
 (20) 
It should be pointed out that UE and UG are invariants in the sense that they do not vary 
with change of in-plane coordinates. UE and UG are associated with the equivalent 
isotropic properties of the layer: 
 21E iso iso
G iso
U E
U G
 

 (21) 
where, Eiso, Giso, and iso, are the isotropic properties of the material. U is associated with 
the orthotropy along axes 1 and 2 and U affects the laminate Poisson ratio. 
The above equations are identical to the original equations. Only the notation has been 
reformulated. The authors believe that this new notation is more intuitive, as it refers to 
the physical interpretation of the invariants and lamination parameters.  Also, since there 
are only two material properties for an isotropic material, only two invariants (UE and 
UG) are used to describe the isotropic properties of the composite layer.  The original 
definition of lamination parameters uses three invariants (U1, U4 and U5) that are linearly 
dependent. 
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3.4 Numerical Example 
For IM7/8552 carbon-fiber/epoxy material with Young’s moduli E1 = 161.0GPa and E2 
= 11.38GPa, shear modulus G12 = 5.17GPa and Poisson ratio 120.38, lamina thickness 
t = 0.1397mm the 16-ply symmetric laminate stacking sequence [/////2/]S, for 
which the non-dimensional parameters were developed in Section 3.1 and Table 2, where 
 = 2048 and / = 1.0 or 100%.  For standard fibre angles  = 45, 0 and 90 in 
place of symbols ,  and , respectively, the transformed reduced stiffnesses are given 
in Table 5. 
The Aij and Dij follow from Eqs (15):  
 
 
11
3
16
8 50894 4 162660 16 8 4 0 0.1397 154,198 /
2048 37791 1024 0 4096 2048 1024 0 0.1397 /12 17584
 
 
A N mm
D Nmm
           
           
 
The final stiffness matrices for the laminate follow: 
 
 
 
154198 50206 42235
50206 154198 42235 /
42235 42235 51996
64199 20903 17584
20903 64199 17584
17584 17584 21648
A  
D  
N mm
Nmm
 
 
 
  
 
 
 
  
 
The form of these stiffness matrices has special significance since A11 = A22 by 
inspection, and calculation reveals that A66 = (A11 – A12)/2, indicating that this laminate 
is extensionally isotropic, as defined in Eqs (7) and (8).  However, A16 = A16 ≠ 0, hence 
the laminate must be described as possessing Extension-Shearing coupling.  The apparent 
extensional isotropy is in fact lost for any off-axis alignment between the material and 
structural axes.  Further calculation reveals that Dij = AijH2/12, hence the properties are 
quasi-homogeneous, as defined in Eq. (9); a relationship which is unchanged by off-axis 
alignment.   
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The extensional  , , A A Ac     and bending  , , D D Dc     lamination parameters are 
calculated from Eqs. (16): 
     
     
     
8cos 90 4cos 0 4cos 180 /16 0.00
8cos 180 4cos 0 4cos 360 /16 0.00
8sin 90 4sin 0 4sin 180 /16 0.50
A o o o
A o o o
A o o o
c






    
 
    
 
    
 
 
The bending lamination parameters from Eqs. (17): 
     
     
     
2048cos 90 1024cos 0 1024cos 180 / 4096 0.00
2048cos 180 1024cos 0 1024cos 360 / 4096 0.00
2048sin 90 1024sin 0 1024sin 180 / 4096 0.50
D o o o
D o o o
D o o o
c






    
 
    
 
    
 
 
0A Dc c     by virtue of the use of standard ply angles 0°, 90°, ±45°. 
Hence this Quasi-Homogeneous laminate is defined by the extensional lamination 
parameters    , , 0, 0, 0.5    A A Ac      and bending lamination parameters 
   , , 0, 0, 0.5   D D Dc     .   
4. Results and Discussion 
Table 3 summarizes the definitive list of Extension-Shearing, Bending-Twisting coupled 
laminate configurations, arranged according to sub-sequence symmetry, and expressed as 
a percentage of the total for each ply number grouping.   
Ply number groupings, n = 3, 4, 5 and 6, contain only 3, 2, 13 and 11 symmetric (SS) 
solutions, respectively, and have therefore been omitted from Table 3.  Details of sub-
sequence symmetries for ply groupings for n = 19 ( = 5,733,946), 20 ( = 2,584,228) 
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and 21( = 5,372,297,583) are also omitted, but contain 4.2% (239,263), 8.5% (218,385) 
and less than 0.1% (961,059) symmetric sequences, respectively. 
These results demonstrate that a much larger design space exists for Extension-Shearing, 
Bending-Twisting coupled laminates compared to their Extension-Shearing coupling only 
[2] or Bending-Twisting coupling only [3] counterparts.  They also demonstrate that the 
less common design rule for un-balanced, symmetric designs, dominate the design space 
only for laminates with up to 12 plies.  Other forms of sub-sequence symmetries dominate 
in higher ply number groupings.   
Common design rules [10] suggest that anti-symmetric laminate designs eliminate 
Bending-Twisting coupling, and although this was found to be the case for laminates with 
Bending-Twisting coupling only [3], anti-symmetric Extension-Shearing, Bending-
Twisting coupled laminates have been identified.  Anti-symmetric laminate designs are 
usually associated with laminates in which the coupling stiffness matrix [B] is non-zero 
[15], and are assumed to lead to thermal warping distortions, which is not the case for any 
of the designs presented in this article.  This summary of results therefore demonstrates 
that employing design rules based on laminate symmetry can lead to a substantial part of 
the design space being overlooked.   
Abridged listings of stacking sequences and non-dimensional parameters are given in 
Tables A2 – A10 of the electronic appendix, representing each distinct form of sub-
sequence symmetry found.  As adopted in listings for Simple or uncoupled laminates 
[9,12], the stacking sequence configurations with Extension-Shearing and Bending-
Twisting coupling are ordered in terms of ascending numbers of plies, n, (or bending 
stiffness parameter,  = n3).  Also, within each ply number grouping they are ordered by 
increasing blend ratio, defined as the ratio of the number of positive (n) plies to the total 
 20 
number of angle plies (n), indicating the degree of Extension-Shearing coupling.  
Laminates with the same blend ratio are in turn ordered by ascending value of the bending 
stiffness parameter for the angle plies ( =  + ).  This is a logic approach for design, 
given that compression buckling strength increases directly with increasing .  However, 
to account for the presence of Bending-Twisting coupled laminates, a ratio (/) of the 
bending stiffness parameters for angle plies is also introduced.  Sequences are ordered in 
descending order of |(/) – (/)| to reflect the increasing compression buckling 
strength that these designs possess as they approach their uncoupled (|(/) – (/)| = 
0) counterparts, and finally by descending order of    / /o o o          , 
representing the relative difference in bending stiffness of cross-ply sub-sequences; this 
is introduced for laminates with matching  and |(/) – (/)|, since compression 
buckling strength of infinitely long plates is maximised when 
   / /o o o          .  The numbering of sequences within each sub-symmetric 
form, described in the previous section, may therefore be readily extended for laminates 
with higher ply number groupings, n.   
The numbers of Quasi-Homogeneous (AFB0DF) laminates are introduced as an important 
laminate sub-set, possessing concomitant properties, i.e., matching stiffness in extension 
and bending, as defined by Eq. (9).  These configurations are summarised in Table 4 and 
listed in full in the electronic annex; grouped according to sub-sequence symmetry, 
number of plies, n, and descending order of lamination parameters A D   , 
A D
    and 
A D
c c   , respectively, noting that 0
A D
c c     for the standard fibre orientations 
assumed, i.e., ±45, 0 and 90. 
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4.1 Design space interrogation 
For optimum design, ply angle dependent lamination parameters are often preferred, since 
these allow the stiffness terms to be expressed as linear variables within convenient 
bounds (-1.0 ≤ i ≤ 1.0).  However, the optimized lamination parameters must then be 
matched to a corresponding laminate configuration within the feasible region.  This 
process is challenging, but is aided by graphical representation of the lamination 
parameter design spaces for each of the sub-sequence symmetries, identified in Table 
3(a), together with the corresponding abridged stacking sequence listings in Tables A2 – 
A10 of the electronic appendix.  These are 3-dimensional spaces for extensional stiffness, 
due to the presence of Extension-Shearing coupling, i.e., 0Ac  , as well as for bending 
stiffness, due to the presence of Bending-Twisting coupling, i.e., 0Dc  .  Standard ply 
orientations (45, 0 and 90) have been chosen specifically because they have most 
relevance to current design practice, and also avoid the complication of presenting 4-
dimensional data, which would be the case for general angle-ply orientations, i.e.,  ≠ 
45, hence , 0 A Dc c    .  Note that the majority of the lamination parameter design 
spaces are presented in Figs A1 – A7 of the electronic appendix.  What follows is a 
comparison of the two major sub-sequence symmetries. 
Figure 1 illustrates the 3 dimensional point clouds representing (a)-(c) extensional and 
(d)-(f) bending stiffness for individual laminate configurations with Non-symmetric 
angle- and cross-ply sub-sequences (NN) and 7  n  18, listed in abridged form in Table 
A6.  From the total of 837,988 configurations, there are only 1,520 unique points on the 
lamination parameter design space for extensional stiffness, and 508,630 unique points 
for bending stiffness, where each point may represent multiple solutions.  There is a clear 
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bias in the position of the lamination parameter point cloud towards the positive Dc  
region of the design space as a result of the first (surface) ply being set to +45; the point 
cloud would be mirrored about the Dc  axis if the signs of the angle plies were switched.   
Figure 2 presents the 3-dimensional lamination parameter design spaces for Symmetric 
angle- and cross-ply sub-sequences (SS), with 3  n  18, listed in abridged form in Table 
A10.  These represent the un-balanced and symmetric designs generally associated with 
this laminate class.  The 151,078 configurations are contained within the 1,469 unique 
points on the lamination parameter design space for (a)-(c) extensional stiffness and the 
145,515 unique points for (d)-(f) bending stiffness. 
4.2 Interpretation of Lamination parameter design spaces 
The results of Figs 1 – 2 (and Figs A1 – A7) can be interpreted in a number of ways for 
the purposes of laminate design.  The annotated lamination parameter design space of 
Fig. 3(a) indicates that stacking sequences corresponding to the points (-1, 1), (0, -1) or 
(1, 1), contain, respectively, 90 plies, 45 plies or 0 plies only.  It can therefore be 
readily appreciated that points lying along the edge of the triangular feasible region 
defined by the line drawn between  ,A A   = (0, -1) and (1, 1) correspond to laminates 
with 0 and 45 plies only, whereas those along the line between (0, -1) and (-1, 1) consist 
of 45 and 90 plies only. The Isotropic laminate corresponds to    , , 0,0,0A A Ac     . 
Practical design rules are often based on ply percentages [14], which can be mapped onto 
the lamination parameter design space as illustrated on Fig. 3(a) to help with 
interpretation of the results.  These rules often restrict the design space to the central 
triangular region indicated by bold lines indicating a minimum of 10% for each of the 
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cross plies, 0° and 90°; other sources [10] suggest the extended region shown with broken 
lines indicating a minimum of 20% for each of the angle plies, 45° and -45°.   
Ply percentages are only generally applicable to the design of in-plane properties.  
However, Fig. 3(b) presents lamination parameters corresponding to the results of Table 
4, with 7 ≤ n ≤ 21plies, which are listed in full in the electronic annex.  These Quasi-
Homogenous laminates permit the mapping of ply percentages onto the lamination 
parameter design space for bending stiffness  , ,D D Dc    .  This explains the rationale 
behind the axis labels of Fig. 3(a) and (b); the lamination parameters for extensional and 
bending stiffness are identical for Quasi-Homogenous laminates, i.e., 
   , , , ,A A A D D Dc c          .  There is no closed form buckling solution for shear 
buckling of infinitely long plates, hence buckling factor results, kxy, (= Nxy, b2/2DIso), 
were generated at each of the 15 equally spaced grid points across the lamination 
parameter design space of Fig. 3(b), using an exact infinite strip analysis [16], from which 
the following 4th order polynomial is then readily derived:  
   
         
         
2 2
,
3 3 2 2 4
4 3 2 2 3
5.336 – 2.914 – 0.518 –1.303 – 0.213 1.048
– 0.236 0.031 – 0.197 0.405 – 0.443
– 0.001 0.022 – 0.185 0.472      
       
D D D D D D
xy
D D D D D D D
D D D D D D D
k   
  
   
     
      
      
   
   
  
 
 
 
 (22) 
The normalisation of the shear flow is with respect to DIso, which corresponds to the first 
of Eq. (19) with    , 0,0D D   , representing the Isotropic laminate, giving rise to the 
classical buckling factor result [17], kxy, = 5.34.  This equation is used to generate shear 
buckling contours for the infinitely long plate with simply supported edges, which are 
mapped onto the lamination parameter design space of Fig. 3(c).  Note that the number 
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of significant figures in the coefficients of Eq. (22) have been reduced, but are sufficient 
to maintain a buckling factor accurate to 2 decimal places. 
The top corners of the triangular region, representing laminates with 90 and 0 degree 
plies only, have shear buckling factors kxy, = 4.91 and 1.31, respectively, whereas the 
bottom corner, representing laminates with 45 plies only, has buckling factor kxy, = 
5.61.  By ignoring the effect of Bending-Twisting coupling designers are effectively using 
this contour map, which is applicable only to fully uncoupled laminates, i.e., Dc  (and 
D
c ) = 0.   
The mapping of ply percentages to buckling factor contours for Bending-Twisting 
coupled laminates is possible because of concomitant Extension-Shearing coupling in 
Quasi-Homogeneous laminates. 
The Quasi-Homogenous laminates illustrated in Figure 4 are an important sub-group, 
which permit the effect of increasing (Extension-Shearing) Bending-Twisting coupling 
magnitude, or Dc , to be studied, with orthotropic properties from across the design space 
of Figure 4(b).  Complete laminate listings are therefore provided in Table A11 of the 
electronic appendix.  They are listed in order of increasing ply number grouping and then 
by increasing order of lamination parameters A D   , 
A D
    and 
D
c , respectively; 
sequences approaching 0D  , 1
D
   and 
D
c   0.00, possess the highest 
compression buckling factor, kx, = Nx, b2/2DIso [3]. 
5. Effect of Bending-Twisting coupling on shear buckling load factor 
Ignoring the effects of Bending-Twisting coupling continues to broadly justified on the 
basis that the effects dissipate for laminates with a large number of plies.  However, 
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buckling strength is strongly influenced by such coupling in thin laminates; shear 
buckling strength may be overestimated (unsafe) or underestimated (over-designed) if the 
effects of Bending-Twisting coupling are ignored.  This can be appreciated by the fact 
that shear loading and Bending-Twisting coupling (11 > 0) both give rise to skewed nodal 
lines in the buckling mode shapes.  Hence, the presence of Bending-Twisting coupling 
may augment or counter the effect of shear load depending on whether the resulting 
diagonal tension is perpendicular or parallel to the dominant angle-ply direction.   
Note that the results presented in this section represent continuous plates, supported at 
regular plate length intervals, a, and whilst compression buckling results for isotropic 
plates are the same as those for isolated plates with simply supported edges, mode 
interaction, due to shear buckling, results in an increase in buckling strength compared to 
the isolated plate.   
5.1 Details of analysis and modelling 
The buckling results presented represent continuous or infinitely long plates and are 
obtained using the panel buckling analysis and optimum design code VICONOPT [16], 
which is based on the stiffness matrix method with exact flat plate theory; it can be 
described as an exact infinite strip theory.   
VICONOPT is based on the earlier programs VIPASA and VICON.  VIPASA (Vibration 
and Instability of Plate Assemblies with Shear and Anisotropy) theory assumes that the 
mode of buckling varies sinusoidally in the longitudinal direction with half-wavelength, 
.  This type of analysis was used only to generate the asymptotic values for Fig. 5, 
representing the infinitely long plate.  VICON (VIPASA with CONstraints) theory uses 
Lagrangian multipliers to impose point constraints, so that rectangular boundaries can be 
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accurately represented when the composite material possesses Bending-Twisting 
coupling or when the plate is loaded in shear; skewed nodal lines result in these cases.  
The analysis assumes that the deflections of the plate assembly can be expressed as a 
Fourier series, in which suitable combinations of half wavelengths are now coupled, in 
order to satisfy the point constraints. Thus results are for an infinitely long plate assembly, 
with supports repeating at panel length intervals, a.   
5.2 Garland Curves 
Lamination parameters are used in the labelling of the Garland curves for shear buckling 
factor, kxy, (= Nxy, b2/2DIso), presented across a range of aspect ratios (a/b) in Fig. 5.  
The lamination parameter 0.5 0.5  Dc    is a measure of the magnitude of Bending-
Twisting coupling for Quasi-homogeneous laminates in Fig. 5(a), chosen for their 
matching orthotropic lamination parameters  ( ), 0, 0   A A    and  ( ), 0, 0   
D D
  
; the bounds vary with   D A    up to a maximum of 1 1  Dc    when 1D   , 
which correspond to the Angle-ply laminate designs in Fig. 5(b); also chosen for their 
matching orthotropic lamination parameters  ( ), 0, 1   A A     and 
 ( ), 0, 1   D D    . 
In Fig. 5(a), comparisons are made between an equivalent fully uncoupled isotropic 
(AIB0DI) laminate datum and Quasi-Homogeneous Extension-Shearing, Bending-
Twisting coupled (AFB0DF) laminate derived in Sections 3.1 and 3.4, where all elements 
of the ABD matrix are identical except for D16 (= A16 × H2/12) = D26 (= A26 × H2/12), 
which are zero in the AIB0DI laminate.  This comparison serves to isolate the effects of 
(Extension-Shearing) Bending-Twisting coupling for buckling strength comparisons. 
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The material properties used in the modelling of the equivalent Isotropic (AIB0DI) 
laminate datum configuration were consistent with those used in the numerical example 
of Sections 3.4, leading to: leading to: Eiso = E1 = E2 = 61.7 GPa, iso = 0.326 and Giso = 
23.3 GPa, from which Diso = EisoH3/(1 – Iso2) follows. 
The asymptotes on Fig. 5(a) represent kxy, for the infinitely long plate with edges simply 
supported, and reveal bounds on buckling strength increase (reduction), due to the 
presence of Bending-Twisting coupling, of up to 37% (34%) with respect to the fully 
Isotropic laminate, i.e., 0D D Dc      , giving the classical buckling result, kxy, 
=5.34.  Note that this increase/reduction is realised in a practical design, e.g. the 16 ply 
laminate: [/////2/]S with 0D D     and 0.5
D
c  , which sits on the 
boundary of the design space.  The positive shear load and positive fibre orientation, 
which is associated with positive Dc , are defined in the thumbnail sketch on Fig. 5(a).  
Reversing the shear load direction has the same effect as changing the sign of Dc , hence 
care must be exercised in laminate design if the possibility of load reversal exists. 
Shear buckling results for Quasi-Homogeneous Angle-ply laminates with simple supports 
are presented on Fig. 5(b).  Here, the asymptotes representing kxy, reveal bounds on 
buckling strength increase (reduction) of up to 58% (75%) with respect to Angle-ply 
laminates with 0D Dc     and 1
D
   , e.g. the fully uncoupled anti-symmetric 16 ply 
laminate [/////]A.  Bounds on shear buckling strength for practical designs also 
come close to these theoretical maxima.  It should be noted that the definition of a 
practical design is open to question.  The 10% rule is commonly adopted in design 
practice, representing the minimum fibre content requirement in each of the four principal 
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directions (0, 90, 45 and -45), and also a maximum ply contiguity constraint is often 
applied, i.e., the maximum number of adjacent plies with the same fibre orientation.   
6. Conclusions 
The definitive list of laminate stacking sequences for Extension-Shearing, Bending-
Twisting coupling has been developed for up to 21 plies for lamination angles 0o, 90o,  
and -, where  = 45o has been assumed in all the results presented.  It has been shown to 
contain many forms of non-symmetric angle-ply and cross-ply sub-sequences, yet all 
configurations can be manufactured flat under a standard elevated temperature curing 
process by virtue of the decoupled nature between in-plane and out-of-plane behaviour.   
The less common ‘un-balanced and symmetric’ design rule, normally assumed necessary 
to achieve this warp free condition, accounts for less than 0.03% of the design space 
within this range of ply number groupings investigated.   
The definitive list has also been shown to contain Quasi-Homogeneous laminates, with 
concomitant stiffness properties between extensional and bending stiffness, which allow 
ply percentages for Extension-Shearing coupling to be directly related to the buckling 
strength effects due to Bending-Twisting coupling.  
Comparisons of the shear buckling response of infinitely long plates with simply 
supported edges reveal that Bending-Twisting coupling results in buckling strength 
increase (reduction) of up to 37% (34%) with respect to the fully Isotropic laminate and 
up to 58% (75%) with respect to Quasi-Homogeneous Angle-ply laminates. 
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Figure 2. 
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Figure Captions 
Figure 1 – Lamination parameter design spaces for the Extension-Shearing Bending-
Twisting coupled laminates with 7  n  18, listed in abridged form in Table A6, with 
Non-symmetric angle-ply and Non-symmetric cross-ply sub-sequences (NN), 
corresponding to: (a) plan, (b) front elevation and (c) side elevation for extensional 
stiffness  , ,A A Ac     and; (d) plan, (e) front elevation and (f) side elevation for bending 
stiffness  , ,D D Dc    . 
Figure 2 – Lamination parameter design spaces for the Extension-Shearing Bending-
Twisting coupled laminates with 3  n  18, listed in abridged form in Table A10, with 
Symmetric angle-ply and Symmetric cross-ply sub-sequences (SS), corresponding to: 
(a) plan, (b) front elevation and (c) side elevation for extensional stiffness  , ,A A Ac     
and; (d) plan, (e) front elevation and (f) side elevation for bending stiffness 
 , ,D D Dc    .  
Figure 3 – Lamination parameter design space for: (a) ply percentages, indicating the 
sub-region used in practical design; (b) Quasi-Homogeneous (ASB0DS) laminates, i.e., 
A D    and 
A D
   , corresponding to the sequence configurations listed in Ref. [1] 
with 8 ≤ n ≤ 21plies, and indicating the 15 grid points used in the derivation of the 4th 
order polynomial of Eq. (22) used to generate the: (c) shear buckling contours, kxy,, for 
infinitely long plates with simply supported edges and; (d) mapping of relative angle-
ply percentages for Quasi-Homogeneous (AFB0DF) laminates, i.e., A Dc c   . 
Figure 4 – Quasi-Homogeneous (AFB0DF) laminate design space, i.e., A D   , 
A D
    and 
A D
c c   , for laminates with 4, 8, 11 ≤ n ≤ 21plies, corresponding to third 
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angle orthographic projection of: (a) plan view; (b) front elevation and; (c) side 
elevation for bending stiffness.  The Isometric view in (d) is shown to aid interpretation 
of the point cloud data. 
Figure 5 – Shear buckling factor curves for continuous plates with: (a) Quasi-Isotropic 
laminates    , 0,0D D    and Dc  =0, 0.1, 0.2, 0.3, 0.4 and 0.5 and; (b) Angle-ply 
laminates    , 0, 1D D    and Dc  =0, 0.1, …, 0.9 and 1.0.   
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Tables 
 
Table 1 – Unrestrained thermal (contraction) response of square, initially flat, composite laminates.  Stacking sequence configurations 
containing cross- and angle-ply sub-sequences are representative of the minimum ply number grouping of each class of laminate.   
Uncoupled in Extension (AS) Extension-Shearing (AF) 
Uncoupled in Bending 
(DS) 
Bending-Twisting (DF) Bending-Twisting (DF) Uncoupled in Bending (DS) 
ASB0DS 
[/2//2/]T 
 
Simple laminate 
ASB0DF 
[///]T 
 
B-T 
AFB0DF 
[/]T 
 
E-S;B-T 
AFB0DS 
[////3//3//]T 
 
E-S 
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Table 2 – Calculation procedure for the non-dimensional parameters for an AFB0DF laminate. 
  A B D
Ply 
 1k kz z   
 A

 A


o
A
 
A


 2 2 1k kz z   
 B

 B


o
B
 
B


 3 3 1k kz z   
 D 
D


o
D
 
D


   8 0 4 4  0 0 0 0  512 0 256 256 
1  1  1    -15  -15    169  169    
2  1  1  -13  -13  127  127  
3  1  1 -11  -11 91  91 
4  1  1    -9  -9    61  61    
5  1  1 -7  -7 37  37 
6  1  1    -5  -5    19  19    
7  1  1    -3  -3    7  7    
8  1  1  -1  -1  1  1  
9  1  1  1  1  1  1  
10  1  1    3  3    7  7    
11  1  1    5  5    19  19    
12  1  1 7  7 37  37 
13  1  1    9  9    61  61    
14  1  1 11  11 91  91 
15  1  1  13  13  127  127  
16  1  1    15  15    169  169    
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Table 3 – Extension-Shearing Bending-Twisting coupled laminate design space (%) occupied by the various forms of sub-sequence 
symmetries, including total number () of configurations, for each ply number grouping.  Details for ply groupings for n = 19 ( = 5,733,946), 
20 ( = 2,584,228) and 21( = 5,372,297,583) are not presented, but contain 4.2% (239,263), 8.5% (218,385) and less than 0.1% (961,059) 
symmetric sequences, respectively. 
n 7 8 9 10 11 12 13 14 15 16 17 18 
AC         <0.1  <0.1  
AN         <0.1  <0.1  
AS 3.1  1.9  1.3  0.7  0.3  0.2  
NC         0.1  0.1 0.1 
NN 12.3 4.0 20.6 13.4 37.3 23.5 53.1 40.1 67.9 56.2 79.5 70.9 
NS   5.0 3.3 9.3 6.2 10.1 8.5 9.5 9.4 7.4 8.3 
SC      0.7 1.4 1.1 0.7 0.4 0.4 0.4 
SN   2.5  1.8 1.3 3.2 2.1 3.7 3.5 3.4 3.5 
SS 84.6 96.0 70.1 83.3 50.3 68.3 31.5 48.2 17.7 30.5 9.1 16.9 
             
 65 50 321 239 1,811 1,191 11,651 6,847 83,573 43,830 654,803 319,501 
 
A – Anti-symmetric; C – Cross-symmetric; N – Non-symmetric; S – Symmetric 
AC: [//////////////]T NC: [//////////////]T SC: [/////////]T 
AN: [//////////////]T NN: [///]T SN: [///////]T 
AS: []T NS: []T SS: []T 
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Table 4 – Design space occupied by Quasi-Homogeneous laminates for 11 ≤ n ≤ 21 ply Extension-Shearing, Bending-Twisting coupled 
(AFB0DF) laminates corresponding to the various forms of sub-sequence symmetries, including total number () of configurations, for each 
ply number grouping.  The three symmetric 7-ply laminates: [//////]T, [//////]T and [//////]T, and the two non-
symmetric 8-ply laminates: [///////]T and [///////]T, are not included. 
 
n 11 12 13 14 15 16 17 18 19 20 21 
NN 4 2 36 8 32 28 146 56 454 294 254 
NS 2 - 10 2 10 4 54 20 124 64 92 
SC - - 2 - 2 - 2 2 4 2 4 
SN - - - - - - - - - - 4 
SS 6 - 3 18 3 14 6 3 15 6 26 
 12 2 51 28 47 46 208 81 597 366 380 
 
 46 
 
Table 5 – Transformed reduced stiffness, Qij (N/mm2), for IM7/8552 carbon-fiber/epoxy with  
= -45, 45, 0 and 90. 
 Q11 Q12 Q16 Q22 Q26 Q66 
-45 50,894 40,554 -37,791 50,894 -37,791 41,355 
45 50,894 40,554 37,791 50,894 37,791 41,355 
0 162,660 4,369 0 11,497 0 5,170 
90 11,497 4,369 0 162,660 0 5,170 
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Electronic Appendix 
This electronic appendix to the main article on Extension-Shearing Bending-Twisting coupled 
laminates contains:  
A proof for non-dimensional design constraints;  
A summary of sub-sequence symmetries (Table A1), introducing abridged listings of stacking 
sequences and non-dimensional parameters, which are given in Tables A2 – A10; 
Third angle orthographic projections (Figs A1 – A7) of the 3-dimensional design space for 
extensional  , ,A A Ac     and bending  , ,D D Dc     stiffness lamination parameters, when 
standard ply angles 0, 45 and 90 are adopted and; 
The complete Quasi-homogeneous laminate stacking sequence listings (Table A11), i.e., 7 ≤ n 
≤ 21 plies, corresponding to Table 4 and Fig. 4 of the main article.  
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A1. Proof for non-dimensional design constraints 
Elements of the stiffness matrices are related to lamination parameters and laminate invariants, 
originally conceived by Tsai and Hahn [13], through the following equations: 
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where the Ui are calculated from the reduced stiffness terms, Qij, of Eq. (20) in the main body of 
the article. 
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These ply orientation dependent lamination parameters of are related to the non-dimensional 
parameters n,  and  for the A, B and D matrices, respectively, through the following 
expressions: 
 
 
 
 
( ) ( ) ( ) ( )
c ( ) ( ) ( )
cos 2 cos 2 cos 2 cos 2 /
os 4 cos 4 cos 4 cos 4( )
(
/
sin 2 ) sin 2 sin 2 sin 2 /
s
( ) ( )
in 4 sin 4 sin 4 sin 4 /
( )
( ) ( ) ( ) ( )
o o
o o
o o
o o
A
A
A
c
A
c
n n n n n
n n n n n
n n n n n
n n n n n


    
    
    
    
      
     
      
     
   
   
   
   
 (A4) 
 
 
 
 
 
2
2
2
( ) ( ) ( ) ( )
c ( ) (
cos 2 cos 2 cos 2 cos 2 /
os 4 cos 4 cos 4 cos 4 /
sin 2 sin 2 sin 2 s
) ( ) ( )
( ) in 2 /
sin 4 sin
( ) ( ) ( )
( 4 si) ( ) ( )n 4 s ( )in 4 /
o o
o o
o o
o o
B
B
B
c
B
c
n
n
n


        
        
        
        
      
     
      
     
   
   
   
    2n
 (A5) 
 
 
 
 
 
3
3
3
( ) ( ) ( ) ( )
c ( ) (
cos 2 cos 2 cos 2 cos 2 /
os 4 cos 4 cos 4 cos 4
sin 2 sin 2 sin 2 s
) ( ) ( ) /
( ) ( ) ( ) ( )
( ) ( ) (
in 2 /
sin 4 sin 4 sin 4 sin )4) ( /
o o
o o
o o
o o
D
D
D
c
D
c
n
n
n


        
        
        
        
      
     
      
     
   
   
   
    3n
 (A6) 
 
For Bending-Twisting coupled (AFB0DF) laminates, the elements of the stiffness matrices should 
satisfy the following constraints: 
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Inserting the constraints of Eq. (A7) into Eqs (A4) - (A6) gives: 
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The lamination parameters for AFB0DF laminates should therefore satisfy the following 
constraints: 
, 0
0
, 0
 
 
A A
c c
B B B B
c c
D D
c c

 

 
   
 

 


   

 (A9) 
Applying the lamination parameter constraints of Eq. (A9) to the lamination parameters of Eqs 
(A4) – (A6), for laminates containing 0° and 90° cross plies and angle plies with arbitrary 
orientations °, gives: 
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Therefore, AFB0DF laminates should satisfy the following non-dimensional parameter constraints 
when angle-plies (/) can be assigned any arbitrary orientation, 0 <  < 90, and the cross-plies 
(/, representing 0/90) can be interchanged: 
0o
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A2. Design space summary – Abridged stacking sequence listings 
The numbers of solutions are summarised according sub-sequence symmetry in Table A1.  These results are presented as percentages 
of the total number of solutions for each ply number grouping in the main manuscript.  Abridged stacking sequence listings for each of 
the sub-sequence symmetries are presented in Tables A2 – A10. 
 
Table A1 – Design space for each sub-symmetric grouping of Extension-Shearing Bending-Twisting coupled (AFB0DF) laminates.   
n 7 8 9 10 11 12 13 14 15 16 17 18 
AC         24  84  
AN         24  232  
AS 2  6  24  84  288  1,002  
NC         48  744 180 
NN 8 2 66 32 676 280 6,184 2,744 56,738 24,622 520,256 226,380 
NS   16 8 168 74 1,176 582 7,960 4,120 48,552 26,638 
SC      8 164 74 604 184 2,324 1,136 
SN   8  32 16 368 144 3,088 1,524 22,080 11,072 
SS 55 48 225 199 911 813 3,675 3,303 14,799 13,380 59,529 54,095 
 65 50 321 239 1,811 1,191 11,651 6,847 83,573 43,830 654,803 319,501 
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Table A2 – Stacking sequences for AC laminates with Anti-symmetric angle-ply and Cross-symmetric cross-ply sub-sequences 15 ≤ n 
≤ 17.  The ratio of / for AC 1 corresponds to 49.97%, which renders Dxs = Dys  0.  
Ref. Sequence n n n  
n/n
(%) 
/ 
(%) 
AC 1            15 7 4 1783 796 42.9 50.0 
:                                  
AC 18              15 7 4 2071 652 57.1 50.0 
AC 19          17 7 5 2359 1277 42.9 50.0 
:                                  
AC 102          17 7 5 2743 1085 57.1 50.0 
 
Table A3 – Stacking sequences for AN laminates with Anti-symmetric angle-ply and Non-symmetric cross-ply sub-sequences 15 ≤ n ≤ 
17. 
Ref. Sequence n n n  
n/n
(%) 
/ 
(%) 
AN 1            15 7 3 1783 747 42.9 50.0 
:                                  
AN 24              15 7 5 2071 845 57.1 50.0 
AN 25      17 7 3 2359 675 42.9 50.0 
:                                  
AN 256          17 7 6 2743 1134 57.1 50.0 
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Table A4 – Stacking sequences for AS laminates with Anti-symmetric angle-ply and Symmetric cross-ply sub-sequences 7 ≤ n ≤ 17. 
Ref. Sequence n n n  
n/n
(%) 
/ 
(%) 
AS 1                        7 7 0 343 0 42.9 49.9 
AS 2                        7 7 0 343 0 57.1 50.1 
AS 3                    9 7 0 631 0 42.9 49.9 
:                                  
AS 8                    9 7 2 631 98 57.1 50.1 
AS 9                11 7 0 919 0 42.9 49.9 
                                  
AS 32                  11 7 2 1015 218 57.1 50.0 
AS 33            13 7 0 1351 0 42.9 50.0 
                                  
AS 116                13 7 2 1495 386 57.1 50.0 
AS 117            15 7 0 1783 0 42.9 50.0 
                                  
AS 404              15 7 4 2071 700 57.1 50.0 
AS 405      17 7 0 2359 0 42.9 50.0 
                                  
AS 1406          17 7 4 2743 1084 57.1 50.0 
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Table A5 – Stacking sequences for NC laminates with Non-symmetric angle-ply and Cross-symmetric cross-ply sub-sequences 15 ≤ n 
≤ 18. 
Ref. Sequence n n n  
n/n
(%) 
/ 
(%) 
NC 1                15 9 3 1881 747 33.3 47.4 
:                                  
NC 48                15 9 3 2745 315 66.7 65.8 
NC 49              17 11 3 2843 1035 27.3 41.5 
:                                  
NC 792              17 11 3 4283 315 72.7 70.8 
NC 793            18 10 4 2680 1576 40.0 49.0 
:                                  
NC 972              18 10 4 5320 256 60.0 54.6 
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Table A6 – Stacking sequences for NN laminates with Non-symmetric angle-ply and Non-symmetric cross-ply sub-sequences with 7 ≤ 
n ≤ 18.   
Ref. Sequence n n n  
n/n
(%) 
/ 
(%) 
NN 1                    7 4 0 172 0 75.0 99.4 
                                  
NN 8                    7 4 3 172 171 100.0 100.0 
NN 9                   8 4 0 256 0 100.0 100.0 
NN 10                   8 4 4 256 256 100.0 100.0 
NN 11                      9 6 0 558 0 33.3 69.2 
:                                  
NN 76                    9 6 3 558 171 100.0 100.0 
NN 77                  10 6 0 744 0 33.3 65.6 
:                                  
NN 108                   10 6 4 744 256 100.0 100.0 
NN 109                     11 8 0 1016 0 25.0 59.3 
:                                  
NN 784                    11 8 3 1160 171 100.0 100.0 
NN 785                   12 8 0 1232 0 25.0 59.1 
:                                  
NN 1064                   12 8 4 1472 256 100.0 100.0 
NN 1065                   13 10 3 1690 507 20.0 51.2 
:                                  
NN 7248                      13 10 0 2026 0 100.0 100.0 
NN 7249                   14 10 4 1912 832 20.0 53.1 
:                                  
NN 9992                  14 10 0 2488 0 100.0 100.0 
NN 9993                   15 12 3 2628 747 16.7 44.8 
:                                  
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NN 66730                      15 12 0 3204 0 100.0 100.0 
NN 66731                   16 12 4 2832 1264 16.7 47.7 
:                                  
NN 91352                  16 12 0 3840 0 100.0 100.0 
NN 91353                17 14 3 3878 1035 14.3 39.7 
:                                  
NN 611608                   17 14 0 4742 0 100.0 100.0 
NN 611609                18 14 4 4040 1792 14.3 43.0 
:                                  
NN 837988               18 14 0 5576 0 100.0 100.0 
 
 
Table A7 – Stacking sequences for NS laminates with Non-symmetric angle-ply and Symmetric cross-ply sub-sequences with 9 ≤ n ≤ 
18.   
Ref. Sequence n n n  
n/n
(%) 
/ 
(%) 
NS 1                    9 9 0 729 0 33.3 43.2 
:                                  
NS 16                    9 9 0 729 0 66.7 56.8 
NS 17                  10 10 0 1000 0 40.0 35.2 
:                                  
NS 24                  10 10 0 1000 0 60.0 50.4 
NS 25                  11 11 0 1331 0 27.3 34.5 
:                                  
NS 192                  11 11 0 1331 0 72.7 61.9 
NS 193                12 12 0 1728 0 33.3 31.5 
:                                  
NS 266                12 12 0 1728 0 66.7 51.9 
NS 267                13 13 0 2197 0 23.1 30.7 
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:                                  
NS 1442                13 13 0 2197 0 76.9 66.0 
NS 1443              14 14 0 2744 0 28.6 26.8 
:                                  
NS 2024              14 14 0 2744 0 71.4 53.9 
NS 2025              15 15 0 3375 0 20.0 26.4 
:                                  
NS 9984              15 15 0 3375 0 80.0 69.3 
NS 9985            16 16 0 4096 0 25.0 22.7 
:                                  
NS 14104            16 16 0 4096 0 75.0 56.3 
NS 14105          17 17 0 4913 0 17.6 24.0 
:                                  
NS 62656          17 17 0 4913 0 82.4 72.1 
NS 62657        18 18 0 5832 0 22.2 20.9 
:                                  
NS 89294        18 18 0 5832 0 77.8 58.6 
 
Table A8 – Stacking sequences for SC laminates with Symmetric angle-ply and Cross-symmetric cross-ply sub-sequences with 12 ≤ n 
≤ 18.   
Ref. Sequence n n n  
n/n
(%) 
/ 
(%) 
SC 1                12 4 4 736 496 100.0 100.0 
:                                  
SC 8                12 4 4 1216 256 100.0 100.0 
SC 9                13 7 3 1183 507 28.6 73.2 
:                                  
SC 172                  13 7 3 1855 171 100.0 100.0 
SC 173                14 6 4 1080 832 33.3 94.1 
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SC 246                14 6 4 2232 256 100.0 100.0 
SC 247                15 9 3 1881 747 22.2 62.6 
:                                  
SC 850                  15 9 3 3033 171 100.0 100.0 
SC 851                16 8 4 1568 1264 25.0 86.2 
:                                  
SC 1034                16 8 4 3584 256 100.0 100.0 
SC 1035              17 11 3 2843 1035 18.2 54.1 
:                                  
SC 3358                17 11 3 4571 171 100.0 100.0 
SC 3359              18 10 4 2248 1792 20.0 77.2 
:                                  
SC 4494              18 10 4 5320 256 100 100 
 
Table A9 – Stacking sequences for SN laminates with Symmetric angle-ply and Non-symmetric cross-ply sub-sequences with 9 ≤ n ≤ 
18. 
Ref. Sequence n n n  
n/n
(%) 
/ 
(%) 
SN 1                  9 3 3 387 171 66.7 99.7 
:                                  
SN 8                  9 3 3 387 171 100.0 100.0 
SN 9                11 3 5 603 557 66.7 99.8 
:                                  
SN 40                11 3 5 603 413 100.0 100.0 
SN 41              12 2 4 728 256 100.0 100.0 
:                                  
SN 56              12 2 6 728 504 100.0 100.0 
SN 57                13 5 3 893 459 40.0 97.0 
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SN 424                13 5 5 1469 413 100.0 100.0 
SN 425            14 2 8 1016 1472 100.0 100.0 
:                                  
SN 568              14 4 6 1744 504 100.0 100.0 
SN 569              15 7 3 1423 675 28.6 82.8 
:                                  
SN 3656                15 7 5 2647 413 100.0 100.0 
SN 3657              16 6 6 1416 1848 33.3 95.5 
:                                  
SN 5180              16 6 6 3096 504 100.0 100.0 
SN 5181            17 9 3 2169 939 22.2 70.9 
:                                  
SN 27260              17 9 5 4185 413 100.0 100.0 
SN 27261            18 8 6 1952 2616 25.0 88.9 
:                                  
SN 38330            18 8 6 4832 504 100.0 100.0 
 
 
Table 10 – Stacking sequences for SS laminates with Symmetric angle-ply and Symmetric cross-ply sub-sequences with 3 ≤ n ≤ 18.   
Ref. Sequence n n n  
n/n
(%) 
/ 
(%) 
SS 1                          3 3 0 27 0 66.7 96.3 
:                                  
SS 3                        3 2 1 26 1 100.0 100.0 
SS 4                      4 2 0 56 0 100.0 100.0 
SS 5                      4 2 2 56 8 100.0 100.0 
SS 6                        5 5 0 125 0 40.0 78.4 
:                                  
On Extension-Shearing Bending Twisting coupled laminates 
 A15 
SS 18                      5 4 1 124 1 100.0 100.0 
SS 19                        6 6 0 216 0 33.3 70.4 
:                                  
SS 29                    6 4 2 208 8 100.0 100.0 
SS 30                      7 7 0 343 0 28.6 63.6 
:                                  
SS 84                    7 6 1 342 1 100.0 100.0 
SS 85                      8 8 0 512 0 25.0 57.8 
:                                  
SS 132                  8 6 2 504 8 100.0 100.0 
SS 133                    9 9 0 729 0 22.2 52.9 
:                                  
SS 357                  9 8 1 728 1 100.0 100.0 
SS 358                    10 10 0 1000 0 20.0 48.8 
:                                  
SS 556                10 8 2 992 8 100.0 100.0 
SS 557                  11 11 0 1331 0 18.2 45.2 
:                                  
SS 1467                11 10 1 1330 1 100.0 100.0 
SS 1468                  12 12 0 1728 0 16.7 42.1 
:                                  
SS 2280              12 10 2 1720 8 100.0 100.0 
SS 2281               13 13 0 2197 0 15.4 39.4 
:                                  
SS 5955              13 12 0 2196 0 100.0 100.0 
SS 5956              14 14 0 2744 0 14.3 37.0 
:                                  
SS 9258           14 12 0 2736 0 100.0 100.0 
SS 9259              15 15 0 3375 0 13.3 34.9 
:                                  
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SS 24057            15 14 0 3374 0 100.0 100.0 
SS 24058              16 16 0 4096 0 12.5 33.0 
:                                  
SS 37437          16 14 0 4088 0 100.0 100.0 
SS 37438          17 17 0 4913 0 11.8 31.3 
:                                  
SS 96966        17 16 0 4912 0 100.0 100.0 
SS 96967          18 18 0 5832 0 11.1 29.8 
:                                  
SS 151061      18 16 0 5824 0 100.0 100.0 
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A3. Lamination Parameter Design Spaces 
Figure A1 presents the lamination parameter design spaces for Anti-symmetric angle-ply and 
Cross-symmetric cross-ply sub-sequences (AC), corresponding to the side elevation of the 3 
dimensional design space for extensional stiffness, i.e., the two dimensional  - A Ac   lamination 
parameter plane, representing Extension-Shearing coupling magnitude, since 0A   for all 
designs.  Lamination parameters relating to the bending stiffness fall on a single line, ranging 
between 0.86 0.08D   , with 0
D   and 0.0003 0
D
c   .  Anti-symmetric angle-plies 
would render 0Dc   if not for the fact that an angle ply exists at the laminate mid-plane.  These 
designs therefore exist only for odd ply number groupings n ≤ 15, see abridged listings in Table 
A2.  The 108 solutions with up to 18 plies, are represented by10 unique lamination parameter 
points for extensional stiffness and 54 unique points for bending stiffness.   
 
 
 
Figure A1 – Lamination parameter design spaces for the Extension-Shearing Bending-Twisting 
coupled laminates with n = 15 and 17, listed in abridged form in Table A2, with Anti-symmetric 
angle-ply and Cross-symmetric cross-ply sub-sequences (AC), corresponding to side elevation of 
a 3rd angle orthographic projection for extensional stiffness.   
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Figure A2 presents the lamination parameter design spaces for Anti-symmetric angle-ply and Non-
symmetric cross-ply sub-sequences (AN), corresponding to: (a) plan, (b) front elevation and (c) 
side elevation for the 3 dimensional extensional stiffness.  For bending stiffness, the lamination 
parameters are confined to the two dimensional  - D D   plane, since 0.0003 0
D
c   .  The 256 
solutions are contained within the 18 unique points for extensional stiffness and 124 points for 
bending stiffness.  These designs exist only for odd ply number groupings n  15 for the same 
reasons given for AC laminates with Anti-symmetric angle-ply and Cross-symmetric cross-ply 
sub-sequences.   
Figure A3 presents the results for laminates with Anti-symmetric angle-ply and Symmetric cross-
ply sub-sequences (AS), but now for odd ply number groupings n  7, listed in abridged form in 
Table A4.  The form of the lamination parameter design spaces for AC and AN laminates also 
carries through to this form of sub-sequence symmetry and with similar reasoning.  The 1,406 
designs are here represented by 108 unique points for extensional stiffness and 1,284 for bending 
stiffness.   
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Figure A2 – Lamination parameter design spaces for the Extension-Shearing Bending-Twisting 
coupled laminates with n = 15 and 17, listed in abridged form in Table A3, with Anti-symmetric 
angle-ply and Non-symmetric cross-ply sub-sequences (AN), corresponding to: (a) plan, (b) front 
elevation and (c) side elevation for extensional stiffness and; (d) front elevation for bending 
stiffness. 
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Figure A3 – Lamination parameter design spaces for the Extension-Shearing Bending-Twisting 
coupled laminates with 7  n  17, listed in abridged form in Table A4, with Anti-symmetric 
angle-ply and Symmetric cross-ply sub-sequences (AS), corresponding to: (a) plan, (b) front 
elevation and (c) side elevation for extensional stiffness and; (d) front elevation for bending 
stiffness. 
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Figure A4 presents the lamination parameter design spaces for Non-symmetric angle-ply and 
Cross-symmetric cross-ply sub-sequences (NC), corresponding to: (a) plan, (b) front elevation and 
(c) side elevation for the 3 dimensional extensional stiffness design space and (d) side elevation 
for the 2-dimensional extensional stiffness design space,  - D D   plane, since 0.0003 0
D   , 
which is a result of a Cross ply (0° or 90°) at the laminate mid-plane, whereas 0D   arises as a 
result of an angle-plies at the laminate mid-plane.  Here, 32 unique lamination parameter points in 
the extensional stiffness and 388 in the bending stiffness design space give rise to the 972 solutions 
with up to 18 plies, listed in abridged form in Table A5.  . 
Figure A5 contains the (a)-(c) extensional and (d)-(f) bending stiffness lamination parameter points 
for Non-symmetric angle-ply and Symmetric cross-ply sub-sequences (NS) with 9  n  18, listed 
in abridged form in Table A7.  Of the 89,294 configurations, there are only 570 unique extensional 
stiffness properties leading to 59,175 unique bending stiffness properties.  The unusual pattern in 
the plan view of Fig. 5(d) cannot be explained. 
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Figure A4 – Lamination parameter design spaces for the Extension-Shearing Bending-Twisting 
coupled laminates with n = 15 and 17, listed in abridged form in Table A5, with Non-symmetric 
angle-ply and Cross-symmetric cross-ply sub-sequences (NC), corresponding to: (a) plan, (b) 
front elevation and (c) side elevation for extensional stiffness and; (d) front elevation for bending 
stiffness.  
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Figure A5 – Lamination parameter design spaces for the Extension-Shearing Bending-Twisting 
coupled laminates with 9  n  18, listed in abridged form in Table A7, with Non-symmetric 
angle-ply and Symmetric cross-ply sub-sequences (NS), corresponding to: (a) plan, (b) front 
elevation and (c) side elevation for extensional stiffness  , ,A A Ac     and;  
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(d)  
  
(e) (f) 
(d) plan, (e) front elevation and (f) side elevation for bending stiffness  , ,D D Dc    . 
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Figure A6 presents the lamination parameter design spaces for Symmetric angle-ply and Cross-
symmetric cross-ply sub-sequences (SC), with 10  n  18, listed in abridged form in Table A8.  
The design spaces possess similar patterns to those seen in Fig. 4 for NC designs, but with 
0.0005 0D   . From a total of 4,494 configurations, only 122 unique co-ordinate points exist 
in the extensional lamination parameter design space, which give rise to the 2,172 unique points 
in bending. 
Figure A7 presents the lamination parameter design spaces for Symmetric angle-ply and Non-
symmetric cross-ply sub-sequences (SN), with 9  n  18, listed in abridged form in Table A9.  
The 38,332 configurations are contained within the 291 unique lamination parameter points within 
the 3-dimensional design space (a)-(c) representing extensional stiffness and the 17,631 unique 
points within the 3-dimensional point cloud of lamination parameters (d)-(f) for bending stiffness. 
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Figure A6 – Lamination parameter design spaces for the Extension-Shearing Bending-Twisting 
coupled laminates with 10  n  18, listed in abridged form in Table A8, with Symmetric angle-
ply and Cross-symmetric cross-ply sub-sequences (SC), corresponding to: (a) plan, (b) front 
elevation and (c) side elevation for extensional stiffness and; (d) front elevation for bending 
stiffness. 
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Figure A7 – Lamination parameter design spaces for the Extension-Shearing Bending-Twisting 
coupled laminates with 9  n  18, listed in abridged form in Table 9, with Symmetric angle-ply 
and Non-symmetric cross-ply sub-sequences (SN), corresponding to: (a) plan, (b) front elevation 
and (c) side elevation for extensional stiffness  , ,A A Ac     and;  
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(d)  
  
(e) (f) 
(d) plan, (e) front elevation and (f) side elevation for bending stiffness  , ,D D Dc     stiffness. 
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A4. Quasi-Homogeneous Laminate Configurations 
 
This section provides the laminates stacking sequence listings for all ply number groupings 
investigated, i.e., 7 ≤ n ≤ 21 plies.  These configurations make up the lamination parameter 
design space of Fig. 4 of the main article, corresponding to standard laminates with ±45, 0 and 
90 in place of the symbols ±,  and , respectively, hence 0Dc  .  They are listed in order of 
increasing ply number grouping and then increasing order of lamination parameters A D   , 
A D
    and 
D
c , respectively; sequences approaching 0
D  , 1
D
   and 
D
c   0.00, possess 
the highest compression buckling factor, kx,. 
 
Table A11 – Stacking sequences for Quasi-Homogeneous (AFB0DF) laminates, illustrated on 
Fig.4, with 7 ≤ n ≤ 21 plies, corresponding to: (a) NN configurations with Non-symmetric angle-
ply and cross-ply sub-sequences; (b) NS configurations with Non-symmetric angle-ply and 
Symmetric cross-ply sub-sequences;(c) SC configurations with Symmetric angle-ply and Cross-
symmetric cross-ply sub-sequences; (d) SS configurations with Symmetric angle-ply with Non-
symmetric cross-ply sub-sequences and; (e) SS configurations with Symmetric angle-ply and 
cross-ply sub-sequences.  
(a) 
Ref.  Sequence  n 
A
D




 
A
D




 
A
c
D
c




 
NN 1                    8 -0.50 0.00 -0.50 
NN 2                    8 0.50 0.00 -0.50 
                          
NN 3                    11 -0.55 0.09 -0.45 
NN 4                     11 -0.45 -0.09 -0.55 
NN 5                     11 0.45 -0.09 -0.55 
NN 6                    11 0.55 0.09 -0.45 
                           
NN 7                    12 -0.50 0.00 -0.50 
NN 8                    12 0.50 0.00 -0.50 
                        
NN 9                 13 -0.69 0.38 -0.31 
NN 10                  13 -0.62 0.23 -0.38 
NN 11                   13 -0.54 0.08 -0.46 
NN 12                    13 -0.46 -0.08 -0.54 
NN 13                    13 -0.46 -0.08 -0.08 
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NN 14                     13 -0.38 -0.23 -0.62 
NN 15                     13 -0.38 -0.23 -0.62 
NN 16                     13 -0.38 -0.23 -0.62 
NN 17                      13 -0.31 -0.38 -0.69 
NN 18                      13 -0.31 -0.38 -0.23 
NN 19                       13 -0.23 -0.54 -0.77 
NN 20                       13 -0.23 -0.54 -0.77 
NN 21                       13 -0.23 -0.54 -0.31 
NN 22                       13 -0.23 -0.54 -0.31 
NN 23                       13 -0.23 -0.54 -0.15 
NN 24                       13 -0.23 -0.54 0.15 
NN 25                 13 -0.23 0.38 -0.31 
NN 26                   13 -0.08 0.08 -0.46 
NN 27                   13 0.08 0.08 -0.46 
NN 28                 13 0.23 0.38 -0.31 
NN 29                       13 0.23 -0.54 -0.77 
NN 30                       13 0.23 -0.54 -0.77 
NN 31                       13 0.23 -0.54 -0.31 
NN 32                       13 0.23 -0.54 -0.31 
NN 33                       13 0.23 -0.54 -0.15 
NN 34                       13 0.23 -0.54 0.15 
NN 35                      13 0.31 -0.38 -0.69 
NN 36                      13 0.31 -0.38 -0.23 
NN 37                     13 0.38 -0.23 -0.62 
NN 38                     13 0.38 -0.23 -0.62 
NN 39                     13 0.38 -0.23 -0.62 
NN 40                    13 0.46 -0.08 -0.54 
NN 41                    13 0.46 -0.08 -0.08 
NN 42                   13 0.54 0.08 -0.46 
NN 43                  13 0.62 0.23 -0.38 
NN 44                 13 0.69 0.38 -0.31 
                      
NN 45                14 -0.71 0.43 -0.29 
NN 46                      14 -0.29 -0.43 -0.71 
NN 47                      14 -0.29 -0.43 0.14 
NN 48                14 -0.14 0.43 -0.29 
NN 49                14 0.14 0.43 -0.29 
NN 50                      14 0.29 -0.43 -0.71 
NN 51                      14 0.29 -0.43 0.14 
NN 52                14 0.71 0.43 -0.29 
                      
NN 53                 15 -0.60 0.20 -0.40 
NN 54                 15 -0.60 0.20 -0.40 
NN 55                 15 -0.60 0.20 -0.40 
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NN 56                 15 -0.60 0.20 -0.40 
NN 57                    15 -0.40 -0.20 -0.60 
NN 58                    15 -0.40 -0.20 -0.60 
NN 59                    15 -0.40 -0.20 -0.60 
NN 60                    15 -0.40 -0.20 -0.60 
NN 61                    15 -0.40 -0.20 -0.20 
NN 62                    15 -0.40 -0.20 -0.20 
NN 63                 15 -0.20 0.20 -0.40 
NN 64                 15 -0.20 0.20 -0.40 
NN 65                       15 -0.20 -0.60 -0.80 
NN 66                       15 -0.20 -0.60 -0.80 
NN 67                       15 -0.20 -0.60 -0.40 
NN 68                       15 -0.20 -0.60 -0.40 
NN 69                 15 0.20 0.20 -0.40 
NN 70                 15 0.20 0.20 -0.40 
NN 71                       15 0.20 -0.60 -0.80 
NN 72                       15 0.20 -0.60 -0.80 
NN 73                       15 0.20 -0.60 -0.40 
NN 74                       15 0.20 -0.60 -0.40 
NN 75                    15 0.40 -0.20 -0.60 
NN 76                    15 0.40 -0.20 -0.60 
NN 77                    15 0.40 -0.20 -0.60 
NN 78                    15 0.40 -0.20 -0.60 
NN 79                    15 0.40 -0.20 -0.20 
NN 80                    15 0.40 -0.20 -0.20 
NN 81                 15 0.60 0.20 -0.40 
NN 82                 15 0.60 0.20 -0.40 
NN 83                 15 0.60 0.20 -0.40 
NN 84                 15 0.60 0.20 -0.40 
                        
NN 85                16 -0.63 0.25 -0.38 
NN 86                16 -0.63 0.25 -0.38 
NN 87                  16 -0.50 0.00 -0.50 
NN 88                  16 -0.50 0.00 -0.50 
NN 89                  16 -0.50 0.00 -0.50 
NN 90                  16 -0.50 0.00 -0.50 
NN 91                  16 -0.50 0.00 -0.50 
NN 92                  16 -0.50 0.00 -0.50 
NN 93                    16 -0.38 -0.25 -0.63 
NN 94                    16 -0.38 -0.25 -0.63 
NN 95                    16 -0.38 -0.25 -0.13 
NN 96                    16 -0.38 -0.25 -0.13 
NN 97                16 -0.13 0.25 -0.38 
NN 98                16 -0.13 0.25 -0.38 
On Extension-Shearing Bending Twisting coupled laminates 
 A32 
NN 99                16 0.13 0.25 -0.38 
NN 100                16 0.13 0.25 -0.38 
NN 101                    16 0.38 -0.25 -0.63 
NN 102                    16 0.38 -0.25 -0.63 
NN 103                    16 0.38 -0.25 -0.13 
NN 104                    16 0.38 -0.25 -0.13 
NN 105                  16 0.50 0.00 -0.50 
NN 106                  16 0.50 0.00 -0.50 
NN 107                  16 0.50 0.00 -0.50 
NN 108                  16 0.50 0.00 -0.50 
NN 109                  16 0.50 0.00 -0.50 
NN 110                  16 0.50 0.00 -0.50 
NN 111                16 0.63 0.25 -0.38 
NN 112                16 0.63 0.25 -0.38 
                      
NN 113              17 -0.71 0.41 -0.29 
NN 114                17 -0.59 0.18 -0.41 
NN 115                17 -0.59 0.18 -0.41 
NN 116                17 -0.59 0.18 -0.41 
NN 117                17 -0.59 0.18 -0.41 
NN 118                17 -0.59 0.18 -0.41 
NN 119                17 -0.59 0.18 -0.41 
NN 120                17 -0.59 0.18 -0.41 
NN 121                 17 -0.53 0.06 -0.47 
NN 122                 17 -0.53 0.06 -0.47 
NN 123                 17 -0.53 0.06 -0.47 
NN 124                 17 -0.53 0.06 -0.47 
NN 125                 17 -0.53 0.06 -0.47 
NN 126                 17 -0.53 0.06 -0.47 
NN 127                 17 -0.53 0.06 -0.47 
NN 128                 17 -0.53 0.06 -0.47 
NN 129                 17 -0.53 0.06 -0.47 
NN 130                 17 -0.53 0.06 -0.47 
NN 131                  17 -0.47 -0.06 -0.53 
NN 132                  17 -0.47 -0.06 -0.53 
NN 133                  17 -0.47 -0.06 -0.53 
NN 134                  17 -0.47 -0.06 -0.53 
NN 135                  17 -0.47 -0.06 -0.53 
NN 136                  17 -0.47 -0.06 -0.53 
NN 137                  17 -0.47 -0.06 -0.53 
NN 138                  17 -0.47 -0.06 -0.53 
NN 139                  17 -0.47 -0.06 -0.53 
NN 140                  17 -0.47 -0.06 -0.53 
NN 141                  17 -0.47 -0.06 -0.53 
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NN 142                  17 -0.47 -0.06 -0.53 
NN 143                   17 -0.41 -0.18 -0.59 
NN 144                   17 -0.41 -0.18 -0.59 
NN 145                   17 -0.41 -0.18 -0.59 
NN 146                   17 -0.41 -0.18 -0.59 
NN 147                   17 -0.41 -0.18 -0.59 
NN 148                   17 -0.41 -0.18 -0.59 
NN 149                   17 -0.41 -0.18 -0.59 
NN 150                   17 -0.41 -0.18 -0.59 
NN 151                   17 -0.41 -0.18 -0.59 
NN 152                   17 -0.41 -0.18 -0.59 
NN 153                   17 -0.41 -0.18 -0.59 
NN 154                   17 -0.41 -0.18 -0.59 
NN 155                   17 -0.41 -0.18 -0.59 
NN 156                   17 -0.41 -0.18 -0.24 
NN 157                   17 -0.41 -0.18 -0.24 
NN 158                   17 -0.41 -0.18 -0.24 
NN 159                   17 -0.41 -0.18 -0.24 
NN 160                   17 -0.41 -0.18 -0.24 
NN 161                   17 -0.41 -0.18 -0.24 
NN 162                    17 -0.35 -0.29 -0.65 
NN 163                    17 -0.35 -0.29 -0.65 
NN 164                    17 -0.35 -0.29 -0.65 
NN 165                    17 -0.35 -0.29 -0.65 
NN 166                    17 -0.35 -0.29 -0.29 
NN 167                    17 -0.35 -0.29 -0.29 
NN 168                     17 -0.29 -0.41 -0.71 
NN 169                     17 -0.29 -0.41 -0.71 
NN 170                     17 -0.29 -0.41 -0.71 
NN 171                     17 -0.29 -0.41 -0.12 
NN 172                     17 -0.29 -0.41 -0.12 
NN 173                     17 -0.29 -0.41 -0.12 
NN 174                     17 -0.29 -0.41 -0.12 
NN 175                     17 -0.29 -0.41 0.12 
NN 176                17 -0.24 0.18 -0.41 
NN 177                17 -0.24 0.18 -0.41 
NN 178                17 -0.24 0.18 -0.41 
NN 179                17 -0.24 0.18 -0.41 
NN 180                17 -0.24 0.18 -0.41 
NN 181                17 -0.24 0.18 -0.41 
NN 182                 17 -0.18 0.06 -0.47 
NN 183                 17 -0.18 0.06 -0.47 
NN 184              17 -0.12 0.41 -0.29 
NN 185                17 0.00 0.18 -0.41 
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NN 186                17 0.00 0.18 -0.41 
NN 187              17 0.12 0.41 -0.29 
NN 188                 17 0.18 0.06 -0.47 
NN 189                 17 0.18 0.06 -0.47 
NN 190                17 0.24 0.18 -0.41 
NN 191                17 0.24 0.18 -0.41 
NN 192                17 0.24 0.18 -0.41 
NN 193                17 0.24 0.18 -0.41 
NN 194                17 0.24 0.18 -0.41 
NN 195                17 0.24 0.18 -0.41 
NN 196                     17 0.29 -0.41 -0.71 
NN 197                     17 0.29 -0.41 -0.71 
NN 198                     17 0.29 -0.41 -0.71 
NN 199                     17 0.29 -0.41 -0.12 
NN 200                     17 0.29 -0.41 -0.12 
NN 201                     17 0.29 -0.41 -0.12 
NN 202                     17 0.29 -0.41 -0.12 
NN 203                     17 0.29 -0.41 0.12 
NN 204                    17 0.35 -0.29 -0.65 
NN 205                    17 0.35 -0.29 -0.65 
NN 206                    17 0.35 -0.29 -0.65 
NN 207                    17 0.35 -0.29 -0.65 
NN 208                    17 0.35 -0.29 -0.29 
NN 209                    17 0.35 -0.29 -0.29 
NN 210                   17 0.41 -0.18 -0.59 
NN 211                   17 0.41 -0.18 -0.59 
NN 212                   17 0.41 -0.18 -0.59 
NN 213                   17 0.41 -0.18 -0.59 
NN 214                   17 0.41 -0.18 -0.59 
NN 215                   17 0.41 -0.18 -0.59 
NN 216                   17 0.41 -0.18 -0.59 
NN 217                   17 0.41 -0.18 -0.59 
NN 218                   17 0.41 -0.18 -0.59 
NN 219                   17 0.41 -0.18 -0.59 
NN 220                   17 0.41 -0.18 -0.59 
NN 221                   17 0.41 -0.18 -0.59 
NN 222                   17 0.41 -0.18 -0.59 
NN 223                   17 0.41 -0.18 -0.24 
NN 224                   17 0.41 -0.18 -0.24 
NN 225                   17 0.41 -0.18 -0.24 
NN 226                   17 0.41 -0.18 -0.24 
NN 227                   17 0.41 -0.18 -0.24 
NN 228                   17 0.41 -0.18 -0.24 
NN 229                  17 0.47 -0.06 -0.53 
On Extension-Shearing Bending Twisting coupled laminates 
 A35 
NN 230                  17 0.47 -0.06 -0.53 
NN 231                  17 0.47 -0.06 -0.53 
NN 232                  17 0.47 -0.06 -0.53 
NN 233                  17 0.47 -0.06 -0.53 
NN 234                  17 0.47 -0.06 -0.53 
NN 235                  17 0.47 -0.06 -0.53 
NN 236                  17 0.47 -0.06 -0.53 
NN 237                  17 0.47 -0.06 -0.53 
NN 238                  17 0.47 -0.06 -0.53 
NN 239                  17 0.47 -0.06 -0.53 
NN 240                  17 0.47 -0.06 -0.53 
NN 241                 17 0.53 0.06 -0.47 
NN 242                 17 0.53 0.06 -0.47 
NN 243                 17 0.53 0.06 -0.47 
NN 244                 17 0.53 0.06 -0.47 
NN 245                 17 0.53 0.06 -0.47 
NN 246                 17 0.53 0.06 -0.47 
NN 247                 17 0.53 0.06 -0.47 
NN 248                 17 0.53 0.06 -0.47 
NN 249                 17 0.53 0.06 -0.47 
NN 250                 17 0.53 0.06 -0.47 
NN 251                17 0.59 0.18 -0.41 
NN 252                17 0.59 0.18 -0.41 
NN 253                17 0.59 0.18 -0.41 
NN 254                17 0.59 0.18 -0.41 
NN 255                17 0.59 0.18 -0.41 
NN 256                17 0.59 0.18 -0.41 
NN 257                17 0.59 0.18 -0.41 
NN 258              17 0.71 0.41 -0.29 
                     
NN 259              18 -0.67 0.33 -0.33 
NN 260              18 -0.67 0.33 -0.33 
NN 261              18 -0.67 0.33 -0.33 
NN 262              18 -0.67 0.33 -0.33 
NN 263              18 -0.67 0.33 -0.33 
NN 264                    18 -0.33 -0.33 -0.67 
NN 265                    18 -0.33 -0.33 -0.67 
NN 266                    18 -0.33 -0.33 -0.67 
NN 267                    18 -0.33 -0.33 -0.67 
NN 268                    18 -0.33 -0.33 -0.67 
NN 269                    18 -0.33 -0.33 -0.67 
NN 270                    18 -0.33 -0.33 -0.67 
NN 271                    18 -0.33 -0.33 -0.67 
NN 272                    18 -0.33 -0.33 -0.67 
On Extension-Shearing Bending Twisting coupled laminates 
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NN 273                    18 -0.33 -0.33 -0.67 
NN 274                    18 -0.33 -0.33 -0.67 
NN 275                    18 -0.33 -0.33 -0.67 
NN 276                    18 -0.33 -0.33 -0.67 
NN 277                    18 -0.33 -0.33 -0.67 
NN 278                    18 -0.33 -0.33 -0.67 
NN 279              18 0.00 0.33 -0.33 
NN 280              18 0.00 0.33 -0.33 
NN 281              18 0.00 0.33 -0.33 
NN 282              18 0.00 0.33 -0.33 
NN 283              18 0.00 0.33 -0.33 
NN 284              18 0.00 0.33 -0.33 
NN 285              18 0.00 0.33 -0.33 
NN 286              18 0.00 0.33 -0.33 
NN 287              18 0.00 0.33 -0.33 
NN 288              18 0.00 0.33 -0.33 
NN 289              18 0.00 0.33 -0.33 
NN 290              18 0.00 0.33 -0.33 
NN 291              18 0.00 0.33 -0.33 
NN 292              18 0.00 0.33 -0.33 
NN 293              18 0.00 0.33 -0.33 
NN 294              18 0.00 0.33 -0.33 
NN 295                    18 0.33 -0.33 -0.67 
NN 296                    18 0.33 -0.33 -0.67 
NN 297                    18 0.33 -0.33 -0.67 
NN 298                    18 0.33 -0.33 -0.67 
NN 299                    18 0.33 -0.33 -0.67 
NN 300                    18 0.33 -0.33 -0.67 
NN 301                    18 0.33 -0.33 -0.67 
NN 302                    18 0.33 -0.33 -0.67 
NN 303                    18 0.33 -0.33 -0.67 
NN 304                    18 0.33 -0.33 -0.67 
NN 305                    18 0.33 -0.33 -0.67 
NN 306                    18 0.33 -0.33 -0.67 
NN 307                    18 0.33 -0.33 -0.67 
NN 308                    18 0.33 -0.33 -0.67 
NN 309                    18 0.33 -0.33 -0.67 
NN 310              18 0.67 0.33 -0.33 
NN 311              18 0.67 0.33 -0.33 
NN 312              18 0.67 0.33 -0.33 
NN 313              18 0.67 0.33 -0.33 
NN 314              18 0.67 0.33 -0.33 
                    
NN 315            19 -0.74 0.47 -0.26 
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NN 316            19 -0.74 0.47 -0.26 
NN 317             19 -0.68 0.37 -0.32 
NN 318             19 -0.68 0.37 -0.32 
NN 319             19 -0.68 0.37 -0.32 
NN 320              19 -0.63 0.26 -0.37 
NN 321              19 -0.63 0.26 -0.37 
NN 322               19 -0.58 0.16 -0.42 
NN 323               19 -0.58 0.16 -0.42 
NN 324               19 -0.58 0.16 -0.42 
NN 325               19 -0.58 0.16 -0.42 
NN 326               19 -0.58 0.16 -0.42 
NN 327               19 -0.58 0.16 -0.42 
NN 328               19 -0.58 0.16 -0.42 
NN 329               19 -0.58 0.16 -0.42 
NN 330               19 -0.58 0.16 -0.42 
NN 331               19 -0.58 0.16 -0.42 
NN 332               19 -0.58 0.16 -0.42 
NN 333               19 -0.58 0.16 -0.42 
NN 334                19 -0.53 0.05 -0.47 
NN 335                19 -0.53 0.05 -0.47 
NN 336                19 -0.53 0.05 -0.47 
NN 337                19 -0.53 0.05 -0.47 
NN 338                19 -0.53 0.05 -0.47 
NN 339                19 -0.53 0.05 -0.47 
NN 340                19 -0.53 0.05 -0.47 
NN 341                19 -0.53 0.05 -0.47 
NN 342                19 -0.53 0.05 -0.47 
NN 343                19 -0.53 0.05 -0.47 
NN 344                19 -0.53 0.05 -0.47 
NN 345                19 -0.53 0.05 -0.47 
NN 346                19 -0.53 0.05 -0.47 
NN 347                19 -0.53 0.05 -0.47 
NN 348                19 -0.53 0.05 -0.47 
NN 349                19 -0.53 0.05 -0.47 
NN 350                19 -0.53 0.05 -0.47 
NN 351                19 -0.53 0.05 -0.47 
NN 352                19 -0.53 0.05 -0.47 
NN 353                19 -0.53 0.05 -0.47 
NN 354                19 -0.53 0.05 -0.47 
NN 355                19 -0.53 0.05 -0.47 
NN 356                19 -0.53 0.05 -0.47 
NN 357                19 -0.53 0.05 -0.47 
NN 358                19 -0.53 0.05 -0.05 
NN 359                19 -0.53 0.05 -0.05 
On Extension-Shearing Bending Twisting coupled laminates 
 A38 
NN 360                 19 -0.47 -0.05 -0.53 
NN 361                 19 -0.47 -0.05 -0.53 
NN 362                 19 -0.47 -0.05 -0.53 
NN 363                 19 -0.47 -0.05 -0.53 
NN 364                 19 -0.47 -0.05 -0.53 
NN 365                 19 -0.47 -0.05 -0.53 
NN 366                 19 -0.47 -0.05 -0.53 
NN 367                 19 -0.47 -0.05 -0.53 
NN 368                 19 -0.47 -0.05 -0.53 
NN 369                 19 -0.47 -0.05 -0.53 
NN 370                 19 -0.47 -0.05 -0.53 
NN 371                 19 -0.47 -0.05 -0.53 
NN 372                 19 -0.47 -0.05 -0.53 
NN 373                 19 -0.47 -0.05 -0.53 
NN 374                 19 -0.47 -0.05 -0.53 
NN 375                 19 -0.47 -0.05 -0.53 
NN 376                 19 -0.47 -0.05 -0.53 
NN 377                 19 -0.47 -0.05 -0.53 
NN 378                 19 -0.47 -0.05 -0.53 
NN 379                 19 -0.47 -0.05 -0.53 
NN 380                 19 -0.47 -0.05 -0.53 
NN 381                 19 -0.47 -0.05 -0.53 
NN 382                 19 -0.47 -0.05 -0.53 
NN 383                 19 -0.47 -0.05 -0.53 
NN 384                 19 -0.47 -0.05 -0.11 
NN 385                 19 -0.47 -0.05 -0.11 
NN 386                 19 -0.47 -0.05 -0.11 
NN 387                  19 -0.42 -0.16 -0.58 
NN 388                  19 -0.42 -0.16 -0.58 
NN 389                  19 -0.42 -0.16 -0.58 
NN 390                  19 -0.42 -0.16 -0.58 
NN 391                  19 -0.42 -0.16 -0.58 
NN 392                  19 -0.42 -0.16 -0.58 
NN 393                  19 -0.42 -0.16 -0.58 
NN 394                  19 -0.42 -0.16 -0.58 
NN 395                  19 -0.42 -0.16 -0.58 
NN 396                  19 -0.42 -0.16 -0.58 
NN 397                  19 -0.42 -0.16 -0.58 
NN 398                  19 -0.42 -0.16 -0.58 
NN 399                  19 -0.42 -0.16 -0.58 
NN 400                  19 -0.42 -0.16 -0.58 
NN 401                  19 -0.42 -0.16 -0.58 
NN 402                  19 -0.42 -0.16 -0.58 
NN 403                  19 -0.42 -0.16 -0.58 
On Extension-Shearing Bending Twisting coupled laminates 
 A39 
NN 404                  19 -0.42 -0.16 -0.58 
NN 405                  19 -0.42 -0.16 -0.58 
NN 406                  19 -0.42 -0.16 -0.58 
NN 407                  19 -0.42 -0.16 -0.58 
NN 408                  19 -0.42 -0.16 -0.58 
NN 409                  19 -0.42 -0.16 -0.58 
NN 410                  19 -0.42 -0.16 -0.58 
NN 411                  19 -0.42 -0.16 -0.58 
NN 412                  19 -0.42 -0.16 -0.58 
NN 413                  19 -0.42 -0.16 -0.58 
NN 414                  19 -0.42 -0.16 -0.58 
NN 415                  19 -0.42 -0.16 -0.16 
NN 416                  19 -0.42 -0.16 -0.05 
NN 417                  19 -0.42 -0.16 -0.05 
NN 418                  19 -0.42 -0.16 -0.05 
NN 419                  19 -0.42 -0.16 -0.05 
NN 420                  19 -0.42 -0.16 -0.05 
NN 421                  19 -0.42 -0.16 0.05 
NN 422                  19 -0.42 -0.16 0.05 
NN 423                  19 -0.42 -0.16 0.05 
NN 424                   19 -0.37 -0.26 -0.63 
NN 425                   19 -0.37 -0.26 -0.63 
NN 426                   19 -0.37 -0.26 -0.63 
NN 427                   19 -0.37 -0.26 -0.63 
NN 428                   19 -0.37 -0.26 -0.63 
NN 429                   19 -0.37 -0.26 -0.63 
NN 430                   19 -0.37 -0.26 -0.63 
NN 431                   19 -0.37 -0.26 -0.63 
NN 432                   19 -0.37 -0.26 -0.63 
NN 433                   19 -0.37 -0.26 -0.63 
NN 434                   19 -0.37 -0.26 -0.21 
NN 435                   19 -0.37 -0.26 -0.11 
NN 436                   19 -0.37 -0.26 0.11 
NN 437                   19 -0.37 -0.26 0.11 
NN 438            19 -0.32 0.47 -0.26 
NN 439            19 -0.32 0.47 -0.26 
NN 440                    19 -0.32 -0.37 -0.68 
NN 441                    19 -0.32 -0.37 -0.68 
NN 442                    19 -0.32 -0.37 -0.68 
NN 443                    19 -0.32 -0.37 -0.26 
NN 444                    19 -0.32 -0.37 -0.26 
NN 445                    19 -0.32 -0.37 -0.26 
NN 446                    19 -0.32 -0.37 -0.16 
NN 447                    19 -0.32 -0.37 -0.16 
On Extension-Shearing Bending Twisting coupled laminates 
 A40 
NN 448                    19 -0.32 -0.37 -0.16 
NN 449                    19 -0.32 -0.37 -0.16 
NN 450                    19 -0.32 -0.37 0.05 
NN 451                    19 -0.32 -0.37 0.16 
NN 452             19 -0.26 0.37 -0.32 
NN 453             19 -0.26 0.37 -0.32 
NN 454             19 -0.26 0.37 -0.32 
NN 455                     19 -0.26 -0.47 -0.74 
NN 456                     19 -0.26 -0.47 -0.74 
NN 457                     19 -0.26 -0.47 -0.74 
NN 458                     19 -0.26 -0.47 -0.74 
NN 459                     19 -0.26 -0.47 -0.74 
NN 460                     19 -0.26 -0.47 -0.74 
NN 461                     19 -0.26 -0.47 -0.32 
NN 462                     19 -0.26 -0.47 -0.32 
NN 463                     19 -0.26 -0.47 -0.32 
NN 464                     19 -0.26 -0.47 -0.32 
NN 465                     19 -0.26 -0.47 -0.21 
NN 466                     19 -0.26 -0.47 -0.21 
NN 467                     19 -0.26 -0.47 -0.21 
NN 468                     19 -0.26 -0.47 -0.21 
NN 469                     19 -0.26 -0.47 -0.21 
NN 470                     19 -0.26 -0.47 -0.21 
NN 471                     19 -0.26 -0.47 -0.21 
NN 472                     19 -0.26 -0.47 -0.21 
NN 473                     19 -0.26 -0.47 -0.21 
NN 474                     19 -0.26 -0.47 -0.21 
NN 475                     19 -0.26 -0.47 -0.11 
NN 476                     19 -0.26 -0.47 -0.11 
NN 477                     19 -0.26 -0.47 -0.11 
NN 478                     19 -0.26 -0.47 -0.11 
NN 479                     19 -0.26 -0.47 -0.11 
NN 480                     19 -0.26 -0.47 -0.11 
NN 481                     19 -0.26 -0.47 0.11 
NN 482                     19 -0.26 -0.47 0.11 
NN 483                     19 -0.26 -0.47 0.11 
NN 484                     19 -0.26 -0.47 0.11 
NN 485                     19 -0.26 -0.47 0.11 
NN 486                     19 -0.26 -0.47 0.21 
NN 487                     19 -0.26 -0.47 0.21 
NN 488                     19 -0.26 -0.47 0.21 
NN 489                     19 -0.26 -0.47 0.21 
NN 490              19 -0.21 0.26 -0.37 
NN 491            19 -0.21 0.47 -0.26 
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NN 492            19 -0.21 0.47 -0.26 
NN 493            19 -0.21 0.47 -0.26 
NN 494            19 -0.21 0.47 -0.26 
NN 495                      19 -0.21 -0.58 -0.79 
NN 496                      19 -0.21 -0.58 -0.79 
NN 497                      19 -0.21 -0.58 -0.37 
NN 498                      19 -0.21 -0.58 -0.37 
NN 499                      19 -0.21 -0.58 -0.26 
NN 500                      19 -0.21 -0.58 -0.26 
NN 501                      19 -0.21 -0.58 -0.26 
NN 502                      19 -0.21 -0.58 -0.26 
NN 503                      19 -0.21 -0.58 -0.16 
NN 504                      19 -0.21 -0.58 -0.16 
NN 505                      19 -0.21 -0.58 -0.16 
NN 506                      19 -0.21 -0.58 -0.05 
NN 507                      19 -0.21 -0.58 0.05 
NN 508                      19 -0.21 -0.58 0.16 
NN 509                      19 -0.21 -0.58 0.16 
NN 510                      19 -0.21 -0.58 0.16 
NN 511                      19 -0.21 -0.58 0.26 
NN 512                      19 -0.21 -0.58 0.26 
NN 513             19 -0.16 0.37 -0.32 
NN 514             19 -0.16 0.37 -0.32 
NN 515             19 -0.16 0.37 -0.32 
NN 516             19 -0.16 0.37 -0.32 
NN 517             19 -0.16 0.37 -0.32 
NN 518               19 -0.16 0.16 -0.42 
NN 519              19 -0.11 0.26 -0.37 
NN 520            19 -0.11 0.47 -0.26 
NN 521            19 -0.11 0.47 -0.26 
NN 522            19 -0.11 0.47 -0.26 
NN 523                19 -0.11 0.05 -0.47 
NN 524                19 -0.11 0.05 -0.47 
NN 525                19 -0.11 0.05 -0.47 
NN 526             19 -0.05 0.37 -0.32 
NN 527                 19 -0.05 -0.05 -0.53 
NN 528                 19 -0.05 -0.05 -0.53 
NN 529                 19 -0.05 -0.05 -0.53 
NN 530                 19 -0.05 -0.05 -0.53 
NN 531               19 -0.05 0.16 -0.42 
NN 532               19 -0.05 0.16 -0.42 
NN 533               19 -0.05 0.16 -0.42 
NN 534               19 -0.05 0.16 -0.42 
NN 535               19 -0.05 0.16 -0.42 
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NN 536               19 -0.05 0.16 -0.42 
NN 537            19 0.00 0.47 -0.26 
NN 538            19 0.00 0.47 -0.26 
NN 539                19 0.00 0.05 -0.47 
NN 540                19 0.00 0.05 -0.47 
NN 541                19 0.00 0.05 -0.47 
NN 542                19 0.00 0.05 -0.47 
NN 543                19 0.00 0.05 -0.47 
NN 544                19 0.00 0.05 -0.47 
NN 545                19 0.00 0.05 -0.47 
NN 546                19 0.00 0.05 -0.47 
NN 547             19 0.05 0.37 -0.32 
NN 548                 19 0.05 -0.05 -0.53 
NN 549                 19 0.05 -0.05 -0.53 
NN 550                 19 0.05 -0.05 -0.53 
NN 551                 19 0.05 -0.05 -0.53 
NN 552               19 0.05 0.16 -0.42 
NN 553               19 0.05 0.16 -0.42 
NN 554               19 0.05 0.16 -0.42 
NN 555               19 0.05 0.16 -0.42 
NN 556               19 0.05 0.16 -0.42 
NN 557               19 0.05 0.16 -0.42 
NN 558              19 0.11 0.26 -0.37 
NN 559            19 0.11 0.47 -0.26 
NN 560            19 0.11 0.47 -0.26 
NN 561            19 0.11 0.47 -0.26 
NN 562                19 0.11 0.05 -0.47 
NN 563                19 0.11 0.05 -0.47 
NN 564                19 0.11 0.05 -0.47 
NN 565             19 0.16 0.37 -0.32 
NN 566             19 0.16 0.37 -0.32 
NN 567             19 0.16 0.37 -0.32 
NN 568             19 0.16 0.37 -0.32 
NN 569             19 0.16 0.37 -0.32 
NN 570               19 0.16 0.16 -0.42 
NN 571              19 0.21 0.26 -0.37 
NN 572            19 0.21 0.47 -0.26 
NN 573            19 0.21 0.47 -0.26 
NN 574            19 0.21 0.47 -0.26 
NN 575            19 0.21 0.47 -0.26 
NN 576                      19 0.21 -0.58 -0.79 
NN 577                      19 0.21 -0.58 -0.79 
NN 578                      19 0.21 -0.58 -0.37 
NN 579                      19 0.21 -0.58 -0.37 
On Extension-Shearing Bending Twisting coupled laminates 
 A43 
NN 580                      19 0.21 -0.58 -0.26 
NN 581                      19 0.21 -0.58 -0.26 
NN 582                      19 0.21 -0.58 -0.26 
NN 583                      19 0.21 -0.58 -0.26 
NN 584                      19 0.21 -0.58 -0.16 
NN 585                      19 0.21 -0.58 -0.16 
NN 586                      19 0.21 -0.58 -0.16 
NN 587                      19 0.21 -0.58 -0.05 
NN 588                      19 0.21 -0.58 0.05 
NN 589                      19 0.21 -0.58 0.16 
NN 590                      19 0.21 -0.58 0.16 
NN 591                      19 0.21 -0.58 0.16 
NN 592                      19 0.21 -0.58 0.26 
NN 593                      19 0.21 -0.58 0.26 
NN 594             19 0.26 0.37 -0.32 
NN 595             19 0.26 0.37 -0.32 
NN 596             19 0.26 0.37 -0.32 
NN 597                     19 0.26 -0.47 -0.74 
NN 598                     19 0.26 -0.47 -0.74 
NN 599                     19 0.26 -0.47 -0.74 
NN 600                     19 0.26 -0.47 -0.74 
NN 601                     19 0.26 -0.47 -0.74 
NN 602                     19 0.26 -0.47 -0.74 
NN 603                     19 0.26 -0.47 -0.32 
NN 604                     19 0.26 -0.47 -0.32 
NN 605                     19 0.26 -0.47 -0.32 
NN 606                     19 0.26 -0.47 -0.32 
NN 607                     19 0.26 -0.47 -0.21 
NN 608                     19 0.26 -0.47 -0.21 
NN 609                     19 0.26 -0.47 -0.21 
NN 610                     19 0.26 -0.47 -0.21 
NN 611                     19 0.26 -0.47 -0.21 
NN 612                     19 0.26 -0.47 -0.21 
NN 613                     19 0.26 -0.47 -0.21 
NN 614                     19 0.26 -0.47 -0.21 
NN 615                     19 0.26 -0.47 -0.21 
NN 616                     19 0.26 -0.47 -0.21 
NN 617                     19 0.26 -0.47 -0.11 
NN 618                     19 0.26 -0.47 -0.11 
NN 619                     19 0.26 -0.47 -0.11 
NN 620                     19 0.26 -0.47 -0.11 
NN 621                     19 0.26 -0.47 -0.11 
NN 622                     19 0.26 -0.47 -0.11 
NN 623                     19 0.26 -0.47 0.11 
On Extension-Shearing Bending Twisting coupled laminates 
 A44 
NN 624                     19 0.26 -0.47 0.11 
NN 625                     19 0.26 -0.47 0.11 
NN 626                     19 0.26 -0.47 0.11 
NN 627                     19 0.26 -0.47 0.11 
NN 628                     19 0.26 -0.47 0.21 
NN 629                     19 0.26 -0.47 0.21 
NN 630                     19 0.26 -0.47 0.21 
NN 631                     19 0.26 -0.47 0.21 
NN 632            19 0.32 0.47 -0.26 
NN 633            19 0.32 0.47 -0.26 
NN 634                    19 0.32 -0.37 -0.68 
NN 635                    19 0.32 -0.37 -0.68 
NN 636                    19 0.32 -0.37 -0.68 
NN 637                    19 0.32 -0.37 -0.26 
NN 638                    19 0.32 -0.37 -0.26 
NN 639                    19 0.32 -0.37 -0.26 
NN 640                    19 0.32 -0.37 -0.16 
NN 641                    19 0.32 -0.37 -0.16 
NN 642                    19 0.32 -0.37 -0.16 
NN 643                    19 0.32 -0.37 -0.16 
NN 644                    19 0.32 -0.37 0.05 
NN 645                    19 0.32 -0.37 0.16 
NN 646                   19 0.37 -0.26 -0.63 
NN 647                   19 0.37 -0.26 -0.63 
NN 648                   19 0.37 -0.26 -0.63 
NN 649                   19 0.37 -0.26 -0.63 
NN 650                   19 0.37 -0.26 -0.63 
NN 651                   19 0.37 -0.26 -0.63 
NN 652                   19 0.37 -0.26 -0.63 
NN 653                   19 0.37 -0.26 -0.63 
NN 654                   19 0.37 -0.26 -0.63 
NN 655                   19 0.37 -0.26 -0.63 
NN 656                   19 0.37 -0.26 -0.21 
NN 657                   19 0.37 -0.26 -0.11 
NN 658                   19 0.37 -0.26 0.11 
NN 659                   19 0.37 -0.26 0.11 
NN 660                  19 0.42 -0.16 -0.58 
NN 661                  19 0.42 -0.16 -0.58 
NN 662                  19 0.42 -0.16 -0.58 
NN 663                  19 0.42 -0.16 -0.58 
NN 664                  19 0.42 -0.16 -0.58 
NN 665                  19 0.42 -0.16 -0.58 
NN 666                  19 0.42 -0.16 -0.58 
NN 667                  19 0.42 -0.16 -0.58 
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NN 668                  19 0.42 -0.16 -0.58 
NN 669                  19 0.42 -0.16 -0.58 
NN 670                  19 0.42 -0.16 -0.58 
NN 671                  19 0.42 -0.16 -0.58 
NN 672                  19 0.42 -0.16 -0.58 
NN 673                  19 0.42 -0.16 -0.58 
NN 674                  19 0.42 -0.16 -0.58 
NN 675                  19 0.42 -0.16 -0.58 
NN 676                  19 0.42 -0.16 -0.58 
NN 677                  19 0.42 -0.16 -0.58 
NN 678                  19 0.42 -0.16 -0.58 
NN 679                  19 0.42 -0.16 -0.58 
NN 680                  19 0.42 -0.16 -0.58 
NN 681                  19 0.42 -0.16 -0.58 
NN 682                  19 0.42 -0.16 -0.58 
NN 683                  19 0.42 -0.16 -0.58 
NN 684                  19 0.42 -0.16 -0.58 
NN 685                  19 0.42 -0.16 -0.58 
NN 686                  19 0.42 -0.16 -0.58 
NN 687                  19 0.42 -0.16 -0.58 
NN 688                  19 0.42 -0.16 -0.16 
NN 689                  19 0.42 -0.16 -0.05 
NN 690                  19 0.42 -0.16 -0.05 
NN 691                  19 0.42 -0.16 -0.05 
NN 692                  19 0.42 -0.16 -0.05 
NN 693                  19 0.42 -0.16 -0.05 
NN 694                  19 0.42 -0.16 0.05 
NN 695                  19 0.42 -0.16 0.05 
NN 696                  19 0.42 -0.16 0.05 
NN 697                 19 0.47 -0.05 -0.53 
NN 698                 19 0.47 -0.05 -0.53 
NN 699                 19 0.47 -0.05 -0.53 
NN 700                 19 0.47 -0.05 -0.53 
NN 701                 19 0.47 -0.05 -0.53 
NN 702                 19 0.47 -0.05 -0.53 
NN 703                 19 0.47 -0.05 -0.53 
NN 704                 19 0.47 -0.05 -0.53 
NN 705                 19 0.47 -0.05 -0.53 
NN 706                 19 0.47 -0.05 -0.53 
NN 707                 19 0.47 -0.05 -0.53 
NN 708                 19 0.47 -0.05 -0.53 
NN 709                 19 0.47 -0.05 -0.53 
NN 710                 19 0.47 -0.05 -0.53 
NN 711                 19 0.47 -0.05 -0.53 
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NN 712                 19 0.47 -0.05 -0.53 
NN 713                 19 0.47 -0.05 -0.53 
NN 714                 19 0.47 -0.05 -0.53 
NN 715                 19 0.47 -0.05 -0.53 
NN 716                 19 0.47 -0.05 -0.53 
NN 717                 19 0.47 -0.05 -0.53 
NN 718                 19 0.47 -0.05 -0.53 
NN 719                 19 0.47 -0.05 -0.53 
NN 720                 19 0.47 -0.05 -0.53 
NN 721                 19 0.47 -0.05 -0.11 
NN 722                 19 0.47 -0.05 -0.11 
NN 723                 19 0.47 -0.05 -0.11 
NN 724                19 0.53 0.05 -0.47 
NN 725                19 0.53 0.05 -0.47 
NN 726                19 0.53 0.05 -0.47 
NN 727                19 0.53 0.05 -0.47 
NN 728                19 0.53 0.05 -0.47 
NN 729                19 0.53 0.05 -0.47 
NN 730                19 0.53 0.05 -0.47 
NN 731                19 0.53 0.05 -0.47 
NN 732                19 0.53 0.05 -0.47 
NN 733                19 0.53 0.05 -0.47 
NN 734                19 0.53 0.05 -0.47 
NN 735                19 0.53 0.05 -0.47 
NN 736                19 0.53 0.05 -0.47 
NN 737                19 0.53 0.05 -0.47 
NN 738                19 0.53 0.05 -0.47 
NN 739                19 0.53 0.05 -0.47 
NN 740                19 0.53 0.05 -0.47 
NN 741                19 0.53 0.05 -0.47 
NN 742                19 0.53 0.05 -0.47 
NN 743                19 0.53 0.05 -0.47 
NN 744                19 0.53 0.05 -0.47 
NN 745                19 0.53 0.05 -0.47 
NN 746                19 0.53 0.05 -0.47 
NN 747                19 0.53 0.05 -0.47 
NN 748                19 0.53 0.05 -0.05 
NN 749                19 0.53 0.05 -0.05 
NN 750               19 0.58 0.16 -0.42 
NN 751               19 0.58 0.16 -0.42 
NN 752               19 0.58 0.16 -0.42 
NN 753               19 0.58 0.16 -0.42 
NN 754               19 0.58 0.16 -0.42 
NN 755               19 0.58 0.16 -0.42 
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NN 756               19 0.58 0.16 -0.42 
NN 757               19 0.58 0.16 -0.42 
NN 758               19 0.58 0.16 -0.42 
NN 759               19 0.58 0.16 -0.42 
NN 760               19 0.58 0.16 -0.42 
NN 761               19 0.58 0.16 -0.42 
NN 762              19 0.63 0.26 -0.37 
NN 763              19 0.63 0.26 -0.37 
NN 764             19 0.68 0.37 -0.32 
NN 765             19 0.68 0.37 -0.32 
NN 766             19 0.68 0.37 -0.32 
NN 767            19 0.74 0.47 -0.26 
NN 768            19 0.74 0.47 -0.26 
                 
NN 769          20 -0.80 0.60 -0.20 
NN 770            20 -0.70 0.40 -0.30 
NN 771            20 -0.70 0.40 -0.30 
NN 772            20 -0.70 0.40 -0.30 
NN 773              20 -0.60 0.20 -0.40 
NN 774              20 -0.60 0.20 -0.40 
NN 775              20 -0.60 0.20 -0.40 
NN 776              20 -0.60 0.20 -0.40 
NN 777              20 -0.60 0.20 -0.40 
NN 778              20 -0.60 0.20 -0.40 
NN 779              20 -0.60 0.20 -0.40 
NN 780              20 -0.60 0.20 -0.40 
NN 781              20 -0.60 0.20 -0.40 
NN 782              20 -0.60 0.20 -0.40 
NN 783              20 -0.60 0.20 -0.40 
NN 784              20 -0.60 0.20 -0.40 
NN 785              20 -0.60 0.20 -0.40 
NN 786              20 -0.60 0.20 -0.40 
NN 787              20 -0.60 0.20 -0.40 
NN 788              20 -0.60 0.20 -0.40 
NN 789              20 -0.60 0.20 -0.40 
NN 790                20 -0.50 0.00 -0.50 
NN 791                20 -0.50 0.00 -0.50 
NN 792                20 -0.50 0.00 -0.50 
NN 793                20 -0.50 0.00 -0.50 
NN 794                20 -0.50 0.00 -0.50 
NN 795                20 -0.50 0.00 -0.50 
NN 796                20 -0.50 0.00 -0.50 
NN 797                20 -0.50 0.00 -0.50 
NN 798                20 -0.50 0.00 -0.50 
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NN 799                20 -0.50 0.00 -0.50 
NN 800                20 -0.50 0.00 -0.50 
NN 801                20 -0.50 0.00 -0.50 
NN 802                20 -0.50 0.00 -0.50 
NN 803                20 -0.50 0.00 -0.50 
NN 804                20 -0.50 0.00 -0.50 
NN 805                20 -0.50 0.00 -0.50 
NN 806                20 -0.50 0.00 -0.50 
NN 807                20 -0.50 0.00 -0.50 
NN 808                20 -0.50 0.00 -0.50 
NN 809                20 -0.50 0.00 -0.50 
NN 810                20 -0.50 0.00 -0.50 
NN 811                20 -0.50 0.00 -0.50 
NN 812                20 -0.50 0.00 -0.50 
NN 813                20 -0.50 0.00 -0.50 
NN 814                20 -0.50 0.00 0.10 
NN 815                20 -0.50 0.00 0.10 
NN 816          20 -0.40 0.60 -0.20 
NN 817                  20 -0.40 -0.20 -0.60 
NN 818                  20 -0.40 -0.20 -0.60 
NN 819                  20 -0.40 -0.20 -0.60 
NN 820                  20 -0.40 -0.20 -0.60 
NN 821                  20 -0.40 -0.20 -0.60 
NN 822                  20 -0.40 -0.20 -0.60 
NN 823                  20 -0.40 -0.20 -0.60 
NN 824                  20 -0.40 -0.20 -0.60 
NN 825                  20 -0.40 -0.20 -0.60 
NN 826                  20 -0.40 -0.20 -0.60 
NN 827                  20 -0.40 -0.20 -0.60 
NN 828                  20 -0.40 -0.20 -0.60 
NN 829                  20 -0.40 -0.20 -0.60 
NN 830                  20 -0.40 -0.20 -0.60 
NN 831                  20 -0.40 -0.20 -0.60 
NN 832                  20 -0.40 -0.20 -0.60 
NN 833                  20 -0.40 -0.20 -0.60 
NN 834                  20 -0.40 -0.20 -0.60 
NN 835                  20 -0.40 -0.20 -0.60 
NN 836                  20 -0.40 -0.20 -0.60 
NN 837                  20 -0.40 -0.20 -0.60 
NN 838                  20 -0.40 -0.20 -0.60 
NN 839                  20 -0.40 -0.20 -0.60 
NN 840                  20 -0.40 -0.20 -0.60 
NN 841                  20 -0.40 -0.20 -0.60 
NN 842                  20 -0.40 -0.20 -0.60 
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NN 843                  20 -0.40 -0.20 -0.60 
NN 844                  20 -0.40 -0.20 -0.60 
NN 845                  20 -0.40 -0.20 -0.60 
NN 846                  20 -0.40 -0.20 -0.60 
NN 847                  20 -0.40 -0.20 -0.60 
NN 848                  20 -0.40 -0.20 -0.60 
NN 849                  20 -0.40 -0.20 -0.60 
NN 850                  20 -0.40 -0.20 -0.60 
NN 851                  20 -0.40 -0.20 -0.60 
NN 852                  20 -0.40 -0.20 -0.20 
NN 853                  20 -0.40 -0.20 -0.20 
NN 854                  20 -0.40 -0.20 -0.20 
NN 855                  20 -0.40 -0.20 -0.20 
NN 856                  20 -0.40 -0.20 0.20 
NN 857                  20 -0.40 -0.20 0.20 
NN 858                  20 -0.40 -0.20 0.20 
NN 859                  20 -0.40 -0.20 0.20 
NN 860                  20 -0.40 -0.20 0.20 
NN 861                  20 -0.40 -0.20 0.20 
NN 862                  20 -0.40 -0.20 0.20 
NN 863                  20 -0.40 -0.20 0.20 
NN 864                    20 -0.30 -0.40 -0.70 
NN 865                    20 -0.30 -0.40 -0.70 
NN 866                    20 -0.30 -0.40 -0.70 
NN 867                    20 -0.30 -0.40 -0.70 
NN 868                    20 -0.30 -0.40 -0.70 
NN 869                    20 -0.30 -0.40 -0.70 
NN 870                    20 -0.30 -0.40 -0.70 
NN 871                    20 -0.30 -0.40 -0.30 
NN 872                    20 -0.30 -0.40 -0.30 
NN 873                    20 -0.30 -0.40 -0.10 
NN 874                    20 -0.30 -0.40 -0.10 
NN 875                    20 -0.30 -0.40 -0.10 
NN 876                    20 -0.30 -0.40 -0.10 
NN 877                    20 -0.30 -0.40 -0.10 
NN 878                    20 -0.30 -0.40 -0.10 
NN 879                    20 -0.30 -0.40 -0.10 
NN 880                    20 -0.30 -0.40 -0.10 
NN 881                    20 -0.30 -0.40 0.10 
NN 882                    20 -0.30 -0.40 0.10 
NN 883                    20 -0.30 -0.40 0.10 
NN 884                    20 -0.30 -0.40 0.10 
NN 885                    20 -0.30 -0.40 0.10 
NN 886                    20 -0.30 -0.40 0.10 
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NN 887                    20 -0.30 -0.40 0.30 
NN 888                    20 -0.30 -0.40 0.30 
NN 889          20 -0.20 0.60 -0.20 
NN 890          20 -0.20 0.60 -0.20 
NN 891                      20 -0.20 -0.60 -0.80 
NN 892                      20 -0.20 -0.60 -0.20 
NN 893                      20 -0.20 -0.60 -0.20 
NN 894                      20 -0.20 -0.60 0.40 
NN 895              20 -0.20 0.20 -0.40 
NN 896              20 -0.20 0.20 -0.40 
NN 897              20 -0.20 0.20 -0.40 
NN 898              20 -0.20 0.20 -0.40 
NN 899            20 -0.10 0.40 -0.30 
NN 900            20 -0.10 0.40 -0.30 
NN 901            20 -0.10 0.40 -0.30 
NN 902            20 -0.10 0.40 -0.30 
NN 903            20 -0.10 0.40 -0.30 
NN 904            20 -0.10 0.40 -0.30 
NN 905                20 -0.10 0.00 -0.50 
NN 906                20 -0.10 0.00 -0.50 
NN 907                20 -0.10 0.00 0.10 
NN 908                20 -0.10 0.00 0.10 
NN 909          20 0.00 0.60 -0.20 
NN 910          20 0.00 0.60 -0.20 
NN 911          20 0.00 0.60 -0.20 
NN 912          20 0.00 0.60 -0.20 
NN 913          20 0.00 0.60 -0.20 
NN 914          20 0.00 0.60 -0.20 
NN 915          20 0.00 0.60 -0.20 
NN 916          20 0.00 0.60 -0.20 
NN 917              20 0.00 0.20 -0.40 
NN 918              20 0.00 0.20 -0.40 
NN 919              20 0.00 0.20 -0.40 
NN 920              20 0.00 0.20 -0.40 
NN 921              20 0.00 0.20 -0.40 
NN 922              20 0.00 0.20 -0.40 
NN 923            20 0.10 0.40 -0.30 
NN 924            20 0.10 0.40 -0.30 
NN 925            20 0.10 0.40 -0.30 
NN 926            20 0.10 0.40 -0.30 
NN 927            20 0.10 0.40 -0.30 
NN 928            20 0.10 0.40 -0.30 
NN 929                20 0.10 0.00 -0.50 
NN 930                20 0.10 0.00 -0.50 
On Extension-Shearing Bending Twisting coupled laminates 
 A51 
NN 931                20 0.10 0.00 0.10 
NN 932                20 0.10 0.00 0.10 
NN 933              20 0.20 0.20 -0.40 
NN 934              20 0.20 0.20 -0.40 
NN 935              20 0.20 0.20 -0.40 
NN 936              20 0.20 0.20 -0.40 
NN 937          20 0.20 0.60 -0.20 
NN 938          20 0.20 0.60 -0.20 
NN 939                      20 0.20 -0.60 -0.80 
NN 940                      20 0.20 -0.60 -0.20 
NN 941                      20 0.20 -0.60 -0.20 
NN 942                      20 0.20 -0.60 0.40 
NN 943                    20 0.30 -0.40 -0.70 
NN 944                    20 0.30 -0.40 -0.70 
NN 945                    20 0.30 -0.40 -0.70 
NN 946                    20 0.30 -0.40 -0.70 
NN 947                    20 0.30 -0.40 -0.70 
NN 948                    20 0.30 -0.40 -0.70 
NN 949                    20 0.30 -0.40 -0.70 
NN 950                    20 0.30 -0.40 -0.30 
NN 951                    20 0.30 -0.40 -0.30 
NN 952                    20 0.30 -0.40 -0.10 
NN 953                    20 0.30 -0.40 -0.10 
NN 954                    20 0.30 -0.40 -0.10 
NN 955                    20 0.30 -0.40 -0.10 
NN 956                    20 0.30 -0.40 -0.10 
NN 957                    20 0.30 -0.40 -0.10 
NN 958                    20 0.30 -0.40 -0.10 
NN 959                    20 0.30 -0.40 -0.10 
NN 960                    20 0.30 -0.40 0.10 
NN 961                    20 0.30 -0.40 0.10 
NN 962                    20 0.30 -0.40 0.10 
NN 963                    20 0.30 -0.40 0.10 
NN 964                    20 0.30 -0.40 0.10 
NN 965                    20 0.30 -0.40 0.10 
NN 966                    20 0.30 -0.40 0.30 
NN 967                    20 0.30 -0.40 0.30 
NN 968                  20 0.40 -0.20 -0.60 
NN 969                  20 0.40 -0.20 -0.60 
NN 970                  20 0.40 -0.20 -0.60 
NN 971                  20 0.40 -0.20 -0.60 
NN 972                  20 0.40 -0.20 -0.60 
NN 973                  20 0.40 -0.20 -0.60 
NN 974                  20 0.40 -0.20 -0.60 
On Extension-Shearing Bending Twisting coupled laminates 
 A52 
NN 975                  20 0.40 -0.20 -0.60 
NN 976                  20 0.40 -0.20 -0.60 
NN 977                  20 0.40 -0.20 -0.60 
NN 978                  20 0.40 -0.20 -0.60 
NN 979                  20 0.40 -0.20 -0.60 
NN 980                  20 0.40 -0.20 -0.60 
NN 981                  20 0.40 -0.20 -0.60 
NN 982                  20 0.40 -0.20 -0.60 
NN 983                  20 0.40 -0.20 -0.60 
NN 984                  20 0.40 -0.20 -0.60 
NN 985                  20 0.40 -0.20 -0.60 
NN 986                  20 0.40 -0.20 -0.60 
NN 987                  20 0.40 -0.20 -0.60 
NN 988                  20 0.40 -0.20 -0.60 
NN 989                  20 0.40 -0.20 -0.60 
NN 990                  20 0.40 -0.20 -0.60 
NN 991                  20 0.40 -0.20 -0.60 
NN 992                  20 0.40 -0.20 -0.60 
NN 993                  20 0.40 -0.20 -0.60 
NN 994                  20 0.40 -0.20 -0.60 
NN 995                  20 0.40 -0.20 -0.60 
NN 996                  20 0.40 -0.20 -0.60 
NN 997                  20 0.40 -0.20 -0.60 
NN 998                  20 0.40 -0.20 -0.60 
NN 999                  20 0.40 -0.20 -0.60 
NN 1000                  20 0.40 -0.20 -0.60 
NN 1001                  20 0.40 -0.20 -0.60 
NN 1002                  20 0.40 -0.20 -0.60 
NN 1003                  20 0.40 -0.20 -0.20 
NN 1004                  20 0.40 -0.20 -0.20 
NN 1005                  20 0.40 -0.20 -0.20 
NN 1006                  20 0.40 -0.20 -0.20 
NN 1007                  20 0.40 -0.20 0.20 
NN 1008                  20 0.40 -0.20 0.20 
NN 1009                  20 0.40 -0.20 0.20 
NN 1010                  20 0.40 -0.20 0.20 
NN 1011                  20 0.40 -0.20 0.20 
NN 1012                  20 0.40 -0.20 0.20 
NN 1013                  20 0.40 -0.20 0.20 
NN 1014                  20 0.40 -0.20 0.20 
NN 1015          20 0.40 0.60 -0.20 
NN 1016                20 0.50 0.00 -0.50 
NN 1017                20 0.50 0.00 -0.50 
NN 1018                20 0.50 0.00 -0.50 
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NN 1019                20 0.50 0.00 -0.50 
NN 1020                20 0.50 0.00 -0.50 
NN 1021                20 0.50 0.00 -0.50 
NN 1022                20 0.50 0.00 -0.50 
NN 1023                20 0.50 0.00 -0.50 
NN 1024                20 0.50 0.00 -0.50 
NN 1025                20 0.50 0.00 -0.50 
NN 1026                20 0.50 0.00 -0.50 
NN 1027                20 0.50 0.00 -0.50 
NN 1028                20 0.50 0.00 -0.50 
NN 1029                20 0.50 0.00 -0.50 
NN 1030                20 0.50 0.00 -0.50 
NN 1031                20 0.50 0.00 -0.50 
NN 1032                20 0.50 0.00 -0.50 
NN 1033                20 0.50 0.00 -0.50 
NN 1034                20 0.50 0.00 -0.50 
NN 1035                20 0.50 0.00 -0.50 
NN 1036                20 0.50 0.00 -0.50 
NN 1037                20 0.50 0.00 -0.50 
NN 1038                20 0.50 0.00 -0.50 
NN 1039                20 0.50 0.00 -0.50 
NN 1040                20 0.50 0.00 0.10 
NN 1041                20 0.50 0.00 0.10 
NN 1042              20 0.60 0.20 -0.40 
NN 1043              20 0.60 0.20 -0.40 
NN 1044              20 0.60 0.20 -0.40 
NN 1045              20 0.60 0.20 -0.40 
NN 1046              20 0.60 0.20 -0.40 
NN 1047              20 0.60 0.20 -0.40 
NN 1048              20 0.60 0.20 -0.40 
NN 1049              20 0.60 0.20 -0.40 
NN 1050              20 0.60 0.20 -0.40 
NN 1051              20 0.60 0.20 -0.40 
NN 1052              20 0.60 0.20 -0.40 
NN 1053              20 0.60 0.20 -0.40 
NN 1054              20 0.60 0.20 -0.40 
NN 1055              20 0.60 0.20 -0.40 
NN 1056              20 0.60 0.20 -0.40 
NN 1057              20 0.60 0.20 -0.40 
NN 1058              20 0.60 0.20 -0.40 
NN 1059            20 0.70 0.40 -0.30 
NN 1060            20 0.70 0.40 -0.30 
NN 1061            20 0.70 0.40 -0.30 
NN 1062          20 0.80 0.60 -0.20 
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NN 1063         21 -0.71 0.43 -0.29 
NN 1064         21 -0.71 0.43 -0.29 
NN 1065         21 -0.71 0.43 -0.29 
NN 1066         21 -0.71 0.43 -0.29 
NN 1067            21 -0.57 0.14 -0.43 
NN 1068            21 -0.57 0.14 -0.43 
NN 1069            21 -0.57 0.14 -0.43 
NN 1070            21 -0.57 0.14 -0.43 
NN 1071            21 -0.57 0.14 -0.43 
NN 1072            21 -0.57 0.14 -0.43 
NN 1073            21 -0.57 0.14 -0.43 
NN 1074            21 -0.57 0.14 -0.43 
NN 1075            21 -0.57 0.14 -0.43 
NN 1076            21 -0.57 0.14 -0.43 
NN 1077            21 -0.57 0.14 -0.43 
NN 1078            21 -0.57 0.14 -0.43 
NN 1079            21 -0.57 0.14 -0.43 
NN 1080            21 -0.57 0.14 -0.43 
NN 1081            21 -0.57 0.14 -0.43 
NN 1082            21 -0.57 0.14 -0.43 
NN 1083            21 -0.57 0.14 -0.43 
NN 1084            21 -0.57 0.14 -0.43 
NN 1085            21 -0.57 0.14 -0.43 
NN 1086            21 -0.57 0.14 -0.43 
NN 1087            21 -0.57 0.14 -0.43 
NN 1088            21 -0.57 0.14 -0.43 
NN 1089               21 -0.43 -0.14 -0.57 
NN 1090               21 -0.43 -0.14 -0.57 
NN 1091               21 -0.43 -0.14 -0.57 
NN 1092               21 -0.43 -0.14 -0.57 
NN 1093               21 -0.43 -0.14 -0.57 
NN 1094               21 -0.43 -0.14 -0.57 
NN 1095               21 -0.43 -0.14 -0.57 
NN 1096               21 -0.43 -0.14 -0.57 
NN 1097               21 -0.43 -0.14 -0.57 
NN 1098               21 -0.43 -0.14 -0.57 
NN 1099               21 -0.43 -0.14 -0.57 
NN 1100               21 -0.43 -0.14 -0.57 
NN 1101               21 -0.43 -0.14 -0.57 
NN 1102               21 -0.43 -0.14 -0.57 
NN 1103               21 -0.43 -0.14 -0.57 
NN 1104               21 -0.43 -0.14 -0.57 
NN 1105               21 -0.43 -0.14 -0.57 
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NN 1106               21 -0.43 -0.14 -0.57 
NN 1107               21 -0.43 -0.14 -0.57 
NN 1108               21 -0.43 -0.14 -0.57 
NN 1109               21 -0.43 -0.14 -0.57 
NN 1110               21 -0.43 -0.14 -0.57 
NN 1111               21 -0.43 -0.14 -0.57 
NN 1112               21 -0.43 -0.14 -0.57 
NN 1113               21 -0.43 -0.14 -0.57 
NN 1114               21 -0.43 -0.14 -0.57 
NN 1115               21 -0.43 -0.14 -0.57 
NN 1116               21 -0.43 -0.14 -0.57 
NN 1117               21 -0.43 -0.14 -0.57 
NN 1118               21 -0.43 -0.14 -0.57 
NN 1119               21 -0.43 -0.14 -0.57 
NN 1120               21 -0.43 -0.14 -0.57 
NN 1121               21 -0.43 -0.14 -0.57 
NN 1122               21 -0.43 -0.14 -0.57 
NN 1123               21 -0.43 -0.14 -0.57 
NN 1124               21 -0.43 -0.14 -0.57 
NN 1125               21 -0.43 -0.14 -0.57 
NN 1126               21 -0.43 -0.14 -0.57 
NN 1127               21 -0.43 -0.14 -0.57 
NN 1128               21 -0.43 -0.14 -0.57 
NN 1129               21 -0.43 -0.14 -0.57 
NN 1130               21 -0.43 -0.14 -0.57 
NN 1131               21 -0.43 -0.14 -0.57 
NN 1132               21 -0.43 -0.14 -0.57 
NN 1133               21 -0.43 -0.14 -0.57 
NN 1134               21 -0.43 -0.14 -0.57 
NN 1135               21 -0.43 -0.14 -0.57 
NN 1136               21 -0.43 -0.14 -0.57 
NN 1137               21 -0.43 -0.14 -0.57 
NN 1138               21 -0.43 -0.14 -0.57 
NN 1139                  21 -0.29 -0.43 -0.71 
NN 1140                  21 -0.29 -0.43 -0.71 
NN 1141                  21 -0.29 -0.43 -0.71 
NN 1142                  21 -0.29 -0.43 -0.71 
NN 1143                  21 -0.29 -0.43 -0.71 
NN 1144                  21 -0.29 -0.43 -0.71 
NN 1145                  21 -0.29 -0.43 -0.71 
NN 1146                  21 -0.29 -0.43 -0.71 
NN 1147                  21 -0.29 -0.43 -0.71 
NN 1148                  21 -0.29 -0.43 -0.71 
NN 1149                  21 -0.29 -0.43 -0.71 
On Extension-Shearing Bending Twisting coupled laminates 
 A56 
NN 1150                  21 -0.29 -0.43 -0.71 
NN 1151                  21 -0.29 -0.43 -0.71 
NN 1152                  21 -0.29 -0.43 -0.71 
NN 1153                  21 -0.29 -0.43 -0.71 
NN 1154                  21 -0.29 -0.43 -0.71 
NN 1155                  21 -0.29 -0.43 -0.14 
NN 1156                  21 -0.29 -0.43 -0.14 
NN 1157                  21 -0.29 -0.43 -0.14 
NN 1158                  21 -0.29 -0.43 -0.14 
NN 1159                  21 -0.29 -0.43 -0.14 
NN 1160                  21 -0.29 -0.43 -0.14 
NN 1161                  21 -0.29 -0.43 -0.14 
NN 1162                  21 -0.29 -0.43 -0.14 
NN 1163                  21 -0.29 -0.43 -0.14 
NN 1164                  21 -0.29 -0.43 -0.14 
NN 1165                  21 -0.29 -0.43 -0.14 
NN 1166                  21 -0.29 -0.43 -0.14 
NN 1167                  21 -0.29 -0.43 -0.14 
NN 1168                  21 -0.29 -0.43 -0.14 
NN 1169                  21 -0.29 -0.43 0.14 
NN 1170                  21 -0.29 -0.43 0.14 
NN 1171                  21 -0.29 -0.43 0.14 
NN 1172                  21 -0.29 -0.43 0.14 
NN 1173                  21 -0.29 -0.43 0.14 
NN 1174                  21 -0.29 -0.43 0.14 
NN 1175                  21 -0.29 -0.43 0.14 
NN 1176                  21 -0.29 -0.43 0.14 
NN 1177                  21 -0.29 -0.43 0.14 
NN 1178         21 -0.14 0.43 -0.29 
NN 1179         21 -0.14 0.43 -0.29 
NN 1180         21 -0.14 0.43 -0.29 
NN 1181         21 -0.14 0.43 -0.29 
NN 1182         21 -0.14 0.43 -0.29 
NN 1183         21 -0.14 0.43 -0.29 
NN 1184         21 -0.14 0.43 -0.29 
NN 1185            21 0.00 0.14 -0.43 
NN 1186            21 0.00 0.14 -0.43 
NN 1187            21 0.00 0.14 -0.43 
NN 1188            21 0.00 0.14 -0.43 
NN 1189            21 0.00 0.14 -0.43 
NN 1190            21 0.00 0.14 -0.43 
NN 1191            21 0.00 0.14 -0.43 
NN 1192            21 0.00 0.14 -0.43 
NN 1193            21 0.00 0.14 -0.43 
On Extension-Shearing Bending Twisting coupled laminates 
 A57 
NN 1194            21 0.00 0.14 -0.43 
NN 1195         21 0.14 0.43 -0.29 
NN 1196         21 0.14 0.43 -0.29 
NN 1197         21 0.14 0.43 -0.29 
NN 1198         21 0.14 0.43 -0.29 
NN 1199         21 0.14 0.43 -0.29 
NN 1200         21 0.14 0.43 -0.29 
NN 1201         21 0.14 0.43 -0.29 
NN 1202                  21 0.29 -0.43 -0.71 
NN 1203                  21 0.29 -0.43 -0.71 
NN 1204                  21 0.29 -0.43 -0.71 
NN 1205                  21 0.29 -0.43 -0.71 
NN 1206                  21 0.29 -0.43 -0.71 
NN 1207                  21 0.29 -0.43 -0.71 
NN 1208                  21 0.29 -0.43 -0.71 
NN 1209                  21 0.29 -0.43 -0.71 
NN 1210                  21 0.29 -0.43 -0.71 
NN 1211                  21 0.29 -0.43 -0.71 
NN 1212                  21 0.29 -0.43 -0.71 
NN 1213                  21 0.29 -0.43 -0.71 
NN 1214                  21 0.29 -0.43 -0.71 
NN 1215                  21 0.29 -0.43 -0.71 
NN 1216                  21 0.29 -0.43 -0.71 
NN 1217                  21 0.29 -0.43 -0.71 
NN 1218                  21 0.29 -0.43 -0.14 
NN 1219                  21 0.29 -0.43 -0.14 
NN 1220                  21 0.29 -0.43 -0.14 
NN 1221                  21 0.29 -0.43 -0.14 
NN 1222                  21 0.29 -0.43 -0.14 
NN 1223                  21 0.29 -0.43 -0.14 
NN 1224                  21 0.29 -0.43 -0.14 
NN 1225                  21 0.29 -0.43 -0.14 
NN 1226                  21 0.29 -0.43 -0.14 
NN 1227                  21 0.29 -0.43 -0.14 
NN 1228                  21 0.29 -0.43 -0.14 
NN 1229                  21 0.29 -0.43 -0.14 
NN 1230                  21 0.29 -0.43 -0.14 
NN 1231                  21 0.29 -0.43 -0.14 
NN 1232                  21 0.29 -0.43 0.14 
NN 1233                  21 0.29 -0.43 0.14 
NN 1234                  21 0.29 -0.43 0.14 
NN 1235                  21 0.29 -0.43 0.14 
NN 1236                  21 0.29 -0.43 0.14 
NN 1237                  21 0.29 -0.43 0.14 
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NN 1238                  21 0.29 -0.43 0.14 
NN 1239                  21 0.29 -0.43 0.14 
NN 1240                  21 0.29 -0.43 0.14 
NN 1241               21 0.43 -0.14 -0.57 
NN 1242               21 0.43 -0.14 -0.57 
NN 1243               21 0.43 -0.14 -0.57 
NN 1244               21 0.43 -0.14 -0.57 
NN 1245               21 0.43 -0.14 -0.57 
NN 1246               21 0.43 -0.14 -0.57 
NN 1247               21 0.43 -0.14 -0.57 
NN 1248               21 0.43 -0.14 -0.57 
NN 1249               21 0.43 -0.14 -0.57 
NN 1250               21 0.43 -0.14 -0.57 
NN 1251               21 0.43 -0.14 -0.57 
NN 1252               21 0.43 -0.14 -0.57 
NN 1253               21 0.43 -0.14 -0.57 
NN 1254               21 0.43 -0.14 -0.57 
NN 1255               21 0.43 -0.14 -0.57 
NN 1256               21 0.43 -0.14 -0.57 
NN 1257               21 0.43 -0.14 -0.57 
NN 1258               21 0.43 -0.14 -0.57 
NN 1259               21 0.43 -0.14 -0.57 
NN 1260               21 0.43 -0.14 -0.57 
NN 1261               21 0.43 -0.14 -0.57 
NN 1262               21 0.43 -0.14 -0.57 
NN 1263               21 0.43 -0.14 -0.57 
NN 1264               21 0.43 -0.14 -0.57 
NN 1265               21 0.43 -0.14 -0.57 
NN 1266               21 0.43 -0.14 -0.57 
NN 1267               21 0.43 -0.14 -0.57 
NN 1268               21 0.43 -0.14 -0.57 
NN 1269               21 0.43 -0.14 -0.57 
NN 1270               21 0.43 -0.14 -0.57 
NN 1271               21 0.43 -0.14 -0.57 
NN 1272               21 0.43 -0.14 -0.57 
NN 1273               21 0.43 -0.14 -0.57 
NN 1274               21 0.43 -0.14 -0.57 
NN 1275               21 0.43 -0.14 -0.57 
NN 1276               21 0.43 -0.14 -0.57 
NN 1277               21 0.43 -0.14 -0.57 
NN 1278               21 0.43 -0.14 -0.57 
NN 1279               21 0.43 -0.14 -0.57 
NN 1280               21 0.43 -0.14 -0.57 
NN 1281               21 0.43 -0.14 -0.57 
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NN 1282               21 0.43 -0.14 -0.57 
NN 1283               21 0.43 -0.14 -0.57 
NN 1284               21 0.43 -0.14 -0.57 
NN 1285               21 0.43 -0.14 -0.57 
NN 1286               21 0.43 -0.14 -0.57 
NN 1287               21 0.43 -0.14 -0.57 
NN 1288               21 0.43 -0.14 -0.57 
NN 1289               21 0.43 -0.14 -0.57 
NN 1290               21 0.43 -0.14 -0.57 
NN 1291            21 0.57 0.14 -0.43 
NN 1292            21 0.57 0.14 -0.43 
NN 1293            21 0.57 0.14 -0.43 
NN 1294            21 0.57 0.14 -0.43 
NN 1295            21 0.57 0.14 -0.43 
NN 1296            21 0.57 0.14 -0.43 
NN 1297            21 0.57 0.14 -0.43 
NN 1298            21 0.57 0.14 -0.43 
NN 1299            21 0.57 0.14 -0.43 
NN 1300            21 0.57 0.14 -0.43 
NN 1301            21 0.57 0.14 -0.43 
NN 1302            21 0.57 0.14 -0.43 
NN 1303            21 0.57 0.14 -0.43 
NN 1304            21 0.57 0.14 -0.43 
NN 1305            21 0.57 0.14 -0.43 
NN 1306            21 0.57 0.14 -0.43 
NN 1307            21 0.57 0.14 -0.43 
NN 1308            21 0.57 0.14 -0.43 
NN 1309            21 0.57 0.14 -0.43 
NN 1310            21 0.57 0.14 -0.43 
NN 1311            21 0.57 0.14 -0.43 
NN 1312            21 0.57 0.14 -0.43 
NN 1313         21 0.71 0.43 -0.29 
NN 1314         21 0.71 0.43 -0.29 
NN 1315         21 0.71 0.43 -0.29 
NN 1316         21 0.71 0.43 -0.29 
(b) 
Ref. Sequence n 
A
D




 
A
D




 
A
c
D
c




 
NS 1                      11 0.00 -1.00 -0.09 
NS 2                      11 0.00 -1.00 0.09 
                               
NS 3                      13 0.00 -1.00 -0.54 
NS 4                      13 0.00 -1.00 -0.54 
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NS 5                      13 0.00 -1.00 -0.38 
NS 6                      13 0.00 -1.00 -0.23 
NS 7                      13 0.00 -1.00 -0.23 
NS 8                      13 0.00 -1.00 -0.23 
NS 9                      13 0.00 -1.00 -0.08 
NS 10                      13 0.00 -1.00 0.08 
NS 11                      13 0.00 -1.00 0.23 
NS 12                      13 0.00 -1.00 0.38 
                               
NS 13                    14 0.00 -1.00 -0.43 
NS 14                    14 0.00 -1.00 0.43 
                               
NS 15                      15 0.00 -1.00 -0.60 
NS 16                      15 0.00 -1.00 -0.60 
NS 17                      15 0.00 -1.00 -0.20 
NS 18                      15 0.00 -1.00 -0.20 
NS 19                      15 0.00 -1.00 -0.20 
NS 20                      15 0.00 -1.00 -0.20 
NS 21                      15 0.00 -1.00 0.20 
NS 22                      15 0.00 -1.00 0.20 
NS 23                      15 0.00 -1.00 0.20 
NS 24                      15 0.00 -1.00 0.20 
                               
NS 25                    16 0.00 -1.00 -0.25 
NS 26                    16 0.00 -1.00 -0.25 
NS 27                    16 0.00 -1.00 0.25 
NS 28                    16 0.00 -1.00 0.25 
                             
NS 29                   17 -0.18 -0.65 -0.12 
NS 30                   17 -0.18 -0.65 -0.12 
NS 31                      17 0.00 -1.00 -0.41 
NS 32                      17 0.00 -1.00 -0.41 
NS 33                      17 0.00 -1.00 -0.41 
NS 34                      17 0.00 -1.00 -0.29 
NS 35                      17 0.00 -1.00 -0.29 
NS 36                      17 0.00 -1.00 -0.29 
NS 37                      17 0.00 -1.00 -0.29 
NS 38                      17 0.00 -1.00 -0.18 
NS 39                      17 0.00 -1.00 -0.18 
NS 40                      17 0.00 -1.00 -0.18 
NS 41                      17 0.00 -1.00 -0.18 
NS 42                      17 0.00 -1.00 -0.18 
NS 43                      17 0.00 -1.00 -0.18 
NS 44                      17 0.00 -1.00 -0.18 
On Extension-Shearing Bending Twisting coupled laminates 
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NS 45                      17 0.00 -1.00 -0.18 
NS 46                      17 0.00 -1.00 -0.18 
NS 47                      17 0.00 -1.00 -0.18 
NS 48                      17 0.00 -1.00 -0.18 
NS 49                      17 0.00 -1.00 -0.18 
NS 50                      17 0.00 -1.00 -0.18 
NS 51                      17 0.00 -1.00 -0.06 
NS 52                      17 0.00 -1.00 -0.06 
NS 53                      17 0.00 -1.00 -0.06 
NS 54                      17 0.00 -1.00 -0.06 
NS 55                      17 0.00 -1.00 -0.06 
NS 56                      17 0.00 -1.00 -0.06 
NS 57                      17 0.00 -1.00 -0.06 
NS 58                      17 0.00 -1.00 -0.06 
NS 59                      17 0.00 -1.00 -0.06 
NS 60                      17 0.00 -1.00 -0.06 
NS 61                      17 0.00 -1.00 -0.06 
NS 62                      17 0.00 -1.00 -0.06 
NS 63                      17 0.00 -1.00 0.06 
NS 64                      17 0.00 -1.00 0.06 
NS 65                      17 0.00 -1.00 0.06 
NS 66                      17 0.00 -1.00 0.06 
NS 67                      17 0.00 -1.00 0.06 
NS 68                      17 0.00 -1.00 0.06 
NS 69                      17 0.00 -1.00 0.06 
NS 70                      17 0.00 -1.00 0.06 
NS 71                      17 0.00 -1.00 0.06 
NS 72                      17 0.00 -1.00 0.06 
NS 73                      17 0.00 -1.00 0.18 
NS 74                      17 0.00 -1.00 0.18 
NS 75                      17 0.00 -1.00 0.18 
NS 76                      17 0.00 -1.00 0.18 
NS 77                      17 0.00 -1.00 0.18 
NS 78                      17 0.00 -1.00 0.18 
NS 79                      17 0.00 -1.00 0.18 
NS 80                      17 0.00 -1.00 0.41 
NS 81                   17 0.18 -0.65 -0.12 
NS 82                   17 0.18 -0.65 -0.12 
                               
NS 83                    18 0.00 -1.00 -0.33 
NS 84                    18 0.00 -1.00 -0.33 
NS 85                    18 0.00 -1.00 -0.33 
NS 86                    18 0.00 -1.00 -0.33 
NS 87                    18 0.00 -1.00 -0.33 
On Extension-Shearing Bending Twisting coupled laminates 
 A62 
NS 88                    18 0.00 -1.00 -0.33 
NS 89                    18 0.00 -1.00 -0.33 
NS 90                    18 0.00 -1.00 -0.33 
NS 91                    18 0.00 -1.00 -0.33 
NS 92                    18 0.00 -1.00 -0.33 
NS 93                    18 0.00 -1.00 -0.33 
NS 94                    18 0.00 -1.00 -0.33 
NS 95                    18 0.00 -1.00 -0.33 
NS 96                    18 0.00 -1.00 -0.33 
NS 97                    18 0.00 -1.00 -0.33 
NS 98                    18 0.00 -1.00 0.33 
NS 99                    18 0.00 -1.00 0.33 
NS 100                    18 0.00 -1.00 0.33 
NS 101                    18 0.00 -1.00 0.33 
NS 102                    18 0.00 -1.00 0.33 
                             
NS 103              19 -0.32 -0.37 -0.16 
NS 104              19 -0.32 -0.37 -0.16 
NS 105              19 -0.32 -0.37 0.16 
NS 106              19 -0.32 -0.37 0.16 
NS 107                    19 0.00 -1.00 -0.58 
NS 108                    19 0.00 -1.00 -0.58 
NS 109                    19 0.00 -1.00 -0.47 
NS 110                    19 0.00 -1.00 -0.47 
NS 111                    19 0.00 -1.00 -0.47 
NS 112                    19 0.00 -1.00 -0.47 
NS 113                    19 0.00 -1.00 -0.47 
NS 114                    19 0.00 -1.00 -0.47 
NS 115                    19 0.00 -1.00 -0.37 
NS 116                    19 0.00 -1.00 -0.37 
NS 117                    19 0.00 -1.00 -0.37 
NS 118                    19 0.00 -1.00 -0.26 
NS 119                    19 0.00 -1.00 -0.26 
NS 120                    19 0.00 -1.00 -0.26 
NS 121                    19 0.00 -1.00 -0.26 
NS 122                    19 0.00 -1.00 -0.26 
NS 123                    19 0.00 -1.00 -0.26 
NS 124                    19 0.00 -1.00 -0.26 
NS 125                    19 0.00 -1.00 -0.26 
NS 126                    19 0.00 -1.00 -0.26 
NS 127                    19 0.00 -1.00 -0.26 
NS 128                    19 0.00 -1.00 -0.16 
NS 129                    19 0.00 -1.00 -0.16 
NS 130                    19 0.00 -1.00 -0.16 
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NS 131                    19 0.00 -1.00 -0.16 
NS 132                    19 0.00 -1.00 -0.16 
NS 133                    19 0.00 -1.00 -0.16 
NS 134                    19 0.00 -1.00 -0.16 
NS 135                    19 0.00 -1.00 -0.16 
NS 136                    19 0.00 -1.00 -0.16 
NS 137                    19 0.00 -1.00 -0.16 
NS 138                    19 0.00 -1.00 -0.16 
NS 139                    19 0.00 -1.00 -0.16 
NS 140                    19 0.00 -1.00 -0.16 
NS 141                    19 0.00 -1.00 -0.16 
NS 142                    19 0.00 -1.00 -0.16 
NS 143                    19 0.00 -1.00 -0.16 
NS 144                    19 0.00 -1.00 -0.16 
NS 145                    19 0.00 -1.00 -0.16 
NS 146                    19 0.00 -1.00 -0.16 
NS 147                    19 0.00 -1.00 -0.16 
NS 148                    19 0.00 -1.00 -0.16 
NS 149                    19 0.00 -1.00 -0.16 
NS 150                    19 0.00 -1.00 -0.16 
NS 151                    19 0.00 -1.00 -0.16 
NS 152                    19 0.00 -1.00 -0.16 
NS 153                    19 0.00 -1.00 -0.16 
NS 154                    19 0.00 -1.00 -0.16 
NS 155                    19 0.00 -1.00 -0.16 
NS 156                    19 0.00 -1.00 -0.05 
NS 157                    19 0.00 -1.00 -0.05 
NS 158                    19 0.00 -1.00 -0.05 
NS 159                    19 0.00 -1.00 -0.05 
NS 160                    19 0.00 -1.00 -0.05 
NS 161                    19 0.00 -1.00 -0.05 
NS 162                    19 0.00 -1.00 -0.05 
NS 163                    19 0.00 -1.00 -0.05 
NS 164                    19 0.00 -1.00 -0.05 
NS 165                    19 0.00 -1.00 -0.05 
NS 166                    19 0.00 -1.00 -0.05 
NS 167                    19 0.00 -1.00 -0.05 
NS 168                    19 0.00 -1.00 -0.05 
NS 169                    19 0.00 -1.00 -0.05 
NS 170                    19 0.00 -1.00 -0.05 
NS 171                    19 0.00 -1.00 -0.05 
NS 172                    19 0.00 -1.00 -0.05 
NS 173                    19 0.00 -1.00 -0.05 
NS 174                    19 0.00 -1.00 -0.05 
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NS 175                    19 0.00 -1.00 -0.05 
NS 176                    19 0.00 -1.00 -0.05 
NS 177                    19 0.00 -1.00 -0.05 
NS 178                    19 0.00 -1.00 -0.05 
NS 179                    19 0.00 -1.00 -0.05 
NS 180                    19 0.00 -1.00 0.05 
NS 181                    19 0.00 -1.00 0.05 
NS 182                    19 0.00 -1.00 0.05 
NS 183                    19 0.00 -1.00 0.05 
NS 184                    19 0.00 -1.00 0.05 
NS 185                    19 0.00 -1.00 0.05 
NS 186                    19 0.00 -1.00 0.05 
NS 187                    19 0.00 -1.00 0.05 
NS 188                    19 0.00 -1.00 0.05 
NS 189                    19 0.00 -1.00 0.05 
NS 190                    19 0.00 -1.00 0.05 
NS 191                    19 0.00 -1.00 0.05 
NS 192                    19 0.00 -1.00 0.05 
NS 193                    19 0.00 -1.00 0.05 
NS 194                    19 0.00 -1.00 0.05 
NS 195                    19 0.00 -1.00 0.05 
NS 196                    19 0.00 -1.00 0.05 
NS 197                    19 0.00 -1.00 0.05 
NS 198                    19 0.00 -1.00 0.05 
NS 199                    19 0.00 -1.00 0.05 
NS 200                    19 0.00 -1.00 0.05 
NS 201                    19 0.00 -1.00 0.05 
NS 202                    19 0.00 -1.00 0.05 
NS 203                    19 0.00 -1.00 0.05 
NS 204                    19 0.00 -1.00 0.16 
NS 205                    19 0.00 -1.00 0.16 
NS 206                    19 0.00 -1.00 0.16 
NS 207                    19 0.00 -1.00 0.16 
NS 208                    19 0.00 -1.00 0.16 
NS 209                    19 0.00 -1.00 0.16 
NS 210                    19 0.00 -1.00 0.16 
NS 211                    19 0.00 -1.00 0.16 
NS 212                    19 0.00 -1.00 0.16 
NS 213                    19 0.00 -1.00 0.16 
NS 214                    19 0.00 -1.00 0.16 
NS 215                    19 0.00 -1.00 0.16 
NS 216                    19 0.00 -1.00 0.26 
NS 217                    19 0.00 -1.00 0.26 
NS 218                    19 0.00 -1.00 0.37 
On Extension-Shearing Bending Twisting coupled laminates 
 A65 
NS 219                    19 0.00 -1.00 0.37 
NS 220                    19 0.00 -1.00 0.37 
NS 221                    19 0.00 -1.00 0.47 
NS 222                    19 0.00 -1.00 0.47 
NS 223              19 0.32 -0.37 -0.16 
NS 224              19 0.32 -0.37 -0.16 
NS 225              19 0.32 -0.37 0.16 
NS 226              19 0.32 -0.37 0.16 
                               
NS 227                  20 0.00 -1.00 -0.60 
NS 228                  20 0.00 -1.00 -0.40 
NS 229                  20 0.00 -1.00 -0.40 
NS 230                  20 0.00 -1.00 -0.40 
NS 231                  20 0.00 -1.00 -0.40 
NS 232                  20 0.00 -1.00 -0.40 
NS 233                  20 0.00 -1.00 -0.40 
NS 234                  20 0.00 -1.00 -0.40 
NS 235                  20 0.00 -1.00 -0.20 
NS 236                  20 0.00 -1.00 -0.20 
NS 237                  20 0.00 -1.00 -0.20 
NS 238                  20 0.00 -1.00 -0.20 
NS 239                  20 0.00 -1.00 -0.20 
NS 240                  20 0.00 -1.00 -0.20 
NS 241                  20 0.00 -1.00 -0.20 
NS 242                  20 0.00 -1.00 -0.20 
NS 243                  20 0.00 -1.00 -0.20 
NS 244                  20 0.00 -1.00 -0.20 
NS 245                  20 0.00 -1.00 -0.20 
NS 246                  20 0.00 -1.00 -0.20 
NS 247                  20 0.00 -1.00 -0.20 
NS 248                  20 0.00 -1.00 -0.20 
NS 249                  20 0.00 -1.00 -0.20 
NS 250                  20 0.00 -1.00 -0.20 
NS 251                  20 0.00 -1.00 -0.20 
NS 252                  20 0.00 -1.00 -0.20 
NS 253                  20 0.00 -1.00 -0.20 
NS 254                  20 0.00 -1.00 -0.20 
NS 255                  20 0.00 -1.00 -0.20 
NS 256                  20 0.00 -1.00 -0.20 
NS 257                  20 0.00 -1.00 -0.20 
NS 258                  20 0.00 -1.00 -0.20 
NS 259                  20 0.00 -1.00 -0.20 
NS 260                  20 0.00 -1.00 -0.20 
NS 261                  20 0.00 -1.00 -0.20 
On Extension-Shearing Bending Twisting coupled laminates 
 A66 
NS 262                  20 0.00 -1.00 -0.20 
NS 263                  20 0.00 -1.00 -0.20 
NS 264                  20 0.00 -1.00 -0.20 
NS 265                  20 0.00 -1.00 -0.20 
NS 266                  20 0.00 -1.00 -0.20 
NS 267                  20 0.00 -1.00 -0.20 
NS 268                  20 0.00 -1.00 -0.20 
NS 269                  20 0.00 -1.00 -0.20 
NS 270                  20 0.00 -1.00 0.20 
NS 271                  20 0.00 -1.00 0.20 
NS 272                  20 0.00 -1.00 0.20 
NS 273                  20 0.00 -1.00 0.20 
NS 274                  20 0.00 -1.00 0.20 
NS 275                  20 0.00 -1.00 0.20 
NS 276                  20 0.00 -1.00 0.20 
NS 277                  20 0.00 -1.00 0.20 
NS 278                  20 0.00 -1.00 0.20 
NS 279                  20 0.00 -1.00 0.20 
NS 280                  20 0.00 -1.00 0.20 
NS 281                  20 0.00 -1.00 0.20 
NS 282                  20 0.00 -1.00 0.20 
NS 283                  20 0.00 -1.00 0.20 
NS 284                  20 0.00 -1.00 0.20 
NS 285                  20 0.00 -1.00 0.20 
NS 286                  20 0.00 -1.00 0.20 
NS 287                  20 0.00 -1.00 0.40 
NS 288                  20 0.00 -1.00 0.40 
NS 289                  20 0.00 -1.00 0.40 
NS 290                  20 0.00 -1.00 0.60 
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NS 291                  21 0.00 -1.00 -0.43 
NS 292                  21 0.00 -1.00 -0.43 
NS 293                  21 0.00 -1.00 -0.43 
NS 294                  21 0.00 -1.00 -0.43 
NS 295                  21 0.00 -1.00 -0.43 
NS 296                  21 0.00 -1.00 -0.43 
NS 297                  21 0.00 -1.00 -0.43 
NS 298                  21 0.00 -1.00 -0.43 
NS 299                  21 0.00 -1.00 -0.43 
NS 300                  21 0.00 -1.00 -0.43 
NS 301                  21 0.00 -1.00 -0.43 
NS 302                  21 0.00 -1.00 -0.43 
NS 303                  21 0.00 -1.00 -0.43 
NS 304                  21 0.00 -1.00 -0.43 
On Extension-Shearing Bending Twisting coupled laminates 
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NS 305                  21 0.00 -1.00 -0.43 
NS 306                  21 0.00 -1.00 -0.43 
NS 307                  21 0.00 -1.00 -0.14 
NS 308                  21 0.00 -1.00 -0.14 
NS 309                  21 0.00 -1.00 -0.14 
NS 310                  21 0.00 -1.00 -0.14 
NS 311                  21 0.00 -1.00 -0.14 
NS 312                  21 0.00 -1.00 -0.14 
NS 313                  21 0.00 -1.00 -0.14 
NS 314                  21 0.00 -1.00 -0.14 
NS 315                  21 0.00 -1.00 -0.14 
NS 316                  21 0.00 -1.00 -0.14 
NS 317                  21 0.00 -1.00 -0.14 
NS 318                  21 0.00 -1.00 -0.14 
NS 319                  21 0.00 -1.00 -0.14 
NS 320                  21 0.00 -1.00 -0.14 
NS 321                  21 0.00 -1.00 -0.14 
NS 322                  21 0.00 -1.00 -0.14 
NS 323                  21 0.00 -1.00 -0.14 
NS 324                  21 0.00 -1.00 -0.14 
NS 325                  21 0.00 -1.00 -0.14 
NS 326                  21 0.00 -1.00 -0.14 
NS 327                  21 0.00 -1.00 -0.14 
NS 328                  21 0.00 -1.00 -0.14 
NS 329                  21 0.00 -1.00 -0.14 
NS 330                  21 0.00 -1.00 -0.14 
NS 331                  21 0.00 -1.00 -0.14 
NS 332                  21 0.00 -1.00 -0.14 
NS 333                  21 0.00 -1.00 -0.14 
NS 334                  21 0.00 -1.00 -0.14 
NS 335                  21 0.00 -1.00 -0.14 
NS 336                  21 0.00 -1.00 -0.14 
NS 337                  21 0.00 -1.00 -0.14 
NS 338                  21 0.00 -1.00 -0.14 
NS 339                  21 0.00 -1.00 -0.14 
NS 340                  21 0.00 -1.00 -0.14 
NS 341                  21 0.00 -1.00 -0.14 
NS 342                  21 0.00 -1.00 -0.14 
NS 343                  21 0.00 -1.00 -0.14 
NS 344                  21 0.00 -1.00 -0.14 
NS 345                  21 0.00 -1.00 -0.14 
NS 346                  21 0.00 -1.00 -0.14 
NS 347                  21 0.00 -1.00 -0.14 
NS 348                  21 0.00 -1.00 -0.14 
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NS 349                  21 0.00 -1.00 -0.14 
NS 350                  21 0.00 -1.00 -0.14 
NS 351                  21 0.00 -1.00 -0.14 
NS 352                  21 0.00 -1.00 -0.14 
NS 353                  21 0.00 -1.00 -0.14 
NS 354                  21 0.00 -1.00 -0.14 
NS 355                  21 0.00 -1.00 -0.14 
NS 356                  21 0.00 -1.00 -0.14 
NS 357                  21 0.00 -1.00 0.14 
NS 358                  21 0.00 -1.00 0.14 
NS 359                  21 0.00 -1.00 0.14 
NS 360                  21 0.00 -1.00 0.14 
NS 361                  21 0.00 -1.00 0.14 
NS 362                  21 0.00 -1.00 0.14 
NS 363                  21 0.00 -1.00 0.14 
NS 364                  21 0.00 -1.00 0.14 
NS 365                  21 0.00 -1.00 0.14 
NS 366                  21 0.00 -1.00 0.14 
NS 367                  21 0.00 -1.00 0.14 
NS 368                  21 0.00 -1.00 0.14 
NS 369                  21 0.00 -1.00 0.14 
NS 370                  21 0.00 -1.00 0.14 
NS 371                  21 0.00 -1.00 0.14 
NS 372                  21 0.00 -1.00 0.14 
NS 373                  21 0.00 -1.00 0.14 
NS 374                  21 0.00 -1.00 0.14 
NS 375                  21 0.00 -1.00 0.14 
NS 376                  21 0.00 -1.00 0.14 
NS 377                  21 0.00 -1.00 0.14 
NS 378                  21 0.00 -1.00 0.14 
NS 379                  21 0.00 -1.00 0.43 
NS 380                  21 0.00 -1.00 0.43 
NS 381                  21 0.00 -1.00 0.43 
NS 382                  21 0.00 -1.00 0.43 
(c) 
Ref. Sequence n 
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D




 
A
D




 
A
c
D
c




 
SC 1                   13 0.00 -0.08 -0.54 
SC 2                   13 0.00 -0.08 -0.54 
                               
SC 3                   15 0.00 -0.20 -0.60 
SC 4                   15 0.00 -0.20 -0.60 
                          
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SC 5               17 0.00 0.18 -0.41 
SC 6               17 0.00 0.18 -0.41 
                     
SC 7             18 0.00 0.33 -0.33 
SC 8             18 0.00 0.33 -0.33 
                               
SC 9                 19 0.00 -0.16 -0.58 
SC 10                 19 0.00 -0.16 -0.58 
SC 11               19 0.00 0.05 -0.47 
SC 12               19 0.00 0.05 -0.47 
                         
SC 13              20 0.00 0.20 -0.40 
SC 14              20 0.00 0.20 -0.40 
                        
SC 15           21 0.00 0.14 -0.43 
SC 16           21 0.00 0.14 -0.43 
SC 17           21 0.00 0.14 -0.43 
SC 18           21 0.00 0.14 -0.43 
(d) 
Ref. Sequence n 
A
D




 
A
D




 
A
c
D
c




 
SN 1     21 -0.14 0.43 -0.29 
SN 2     21 -0.14 0.43 -0.29 
SN 3     21 0.14 0.43 -0.29 
SN 4     21 0.14 0.43 -0.29 
(e) 
Ref.  Sequence n 
A
D




 
A
D




 
A
c
D
c




 
SS 1                        7 -0.29 -0.43 -0.71 
SS 2                          7 0.00 -1.00 -0.43 
SS 3                        7 0.29 -0.43 -0.71 
                            
SS 4                     11 -0.45 -0.09 -0.55 
SS 5                      11 -0.36 -0.27 -0.64 
SS 6                          11 0.00 -1.00 -0.27 
SS 7                          11 0.00 -1.00 -0.09 
SS 8                      11 0.36 -0.27 -0.64 
SS 9                     11 0.45 -0.09 -0.55 
                            
SS 10                    13 -0.46 -0.08 -0.54 
SS 11                          13 0.00 -1.00 -0.08 
SS 12                    13 0.46 -0.08 -0.54 
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                           
SS 13                  14 -0.57 0.14 -0.43 
SS 14                    14 -0.43 -0.14 -0.57 
SS 15                      14 -0.29 -0.43 -0.71 
SS 16                      14 -0.29 -0.43 -0.71 
SS 17                      14 -0.29 -0.43 -0.14 
SS 18                      14 -0.29 -0.43 -0.14 
SS 19                  14 0.00 0.14 -0.43 
SS 20                  14 0.00 0.14 -0.43 
SS 21                          14 0.00 -1.00 -0.43 
SS 22                          14 0.00 -1.00 -0.43 
SS 23                          14 0.00 -1.00 -0.14 
SS 24                          14 0.00 -1.00 0.14 
SS 25                      14 0.29 -0.43 -0.71 
SS 26                      14 0.29 -0.43 -0.71 
SS 27                      14 0.29 -0.43 -0.14 
SS 28                      14 0.29 -0.43 -0.14 
SS 29                    14 0.43 -0.14 -0.57 
SS 30                  14 0.57 0.14 -0.43 
                               
SS 31                    15 -0.40 -0.20 -0.60 
SS 32                          15 0.00 -1.00 -0.20 
SS 33                    15 0.40 -0.20 -0.60 
                           
SS 34                  16 -0.50 0.00 -0.50 
SS 35                      16 -0.25 -0.50 -0.75 
SS 36                      16 -0.25 -0.50 -0.75 
SS 37                      16 -0.25 -0.50 -0.25 
SS 38                      16 -0.25 -0.50 -0.25 
SS 39                  16 0.00 0.00 -0.50 
SS 40                  16 0.00 0.00 -0.50 
SS 41                          16 0.00 -1.00 -0.50 
SS 42                          16 0.00 -1.00 -0.50 
SS 43                      16 0.25 -0.50 -0.75 
SS 44                      16 0.25 -0.50 -0.75 
SS 45                      16 0.25 -0.50 -0.25 
SS 46                      16 0.25 -0.50 -0.25 
SS 47                  16 0.50 0.00 -0.50 
                          
SS 48                17 -0.59 0.18 -0.41 
SS 49                       17 -0.18 -0.65 -0.82 
SS 50                          17 0.00 -1.00 -0.65 
SS 51                          17 0.00 -1.00 0.18 
SS 52                       17 0.18 -0.65 -0.82 
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SS 53                17 0.59 0.18 -0.41 
                     
SS 54              18 -0.67 0.33 -0.33 
SS 55                          18 0.00 -1.00 0.33 
SS 56              18 0.67 0.33 -0.33 
                         
SS 57                19 -0.53 0.05 -0.47 
SS 58                  19 -0.42 -0.16 -0.58 
SS 59                   19 -0.37 -0.26 -0.63 
SS 60                    19 -0.32 -0.37 -0.68 
SS 61                    19 -0.32 -0.37 -0.68 
SS 62                          19 0.00 -1.00 -0.37 
SS 63                          19 0.00 -1.00 -0.37 
SS 64                          19 0.00 -1.00 -0.26 
SS 65                          19 0.00 -1.00 -0.16 
SS 66                          19 0.00 -1.00 0.05 
SS 67                    19 0.32 -0.37 -0.68 
SS 68                    19 0.32 -0.37 -0.68 
SS 69                   19 0.37 -0.26 -0.63 
SS 70                  19 0.42 -0.16 -0.58 
SS 71                19 0.53 0.05 -0.47 
                         
SS 72              20 -0.60 0.20 -0.40 
SS 73                  20 -0.40 -0.20 -0.60 
SS 74                          20 0.00 -1.00 -0.20 
SS 75                          20 0.00 -1.00 0.20 
SS 76                  20 0.40 -0.20 -0.60 
SS 77              20 0.60 0.20 -0.40 
                    
SS 78         21 -0.71 0.43 -0.29 
SS 79            21 -0.57 0.14 -0.43 
SS 80               21 -0.43 -0.14 -0.57 
SS 81               21 -0.43 -0.14 -0.57 
SS 82                  21 -0.29 -0.43 -0.71 
SS 83                  21 -0.29 -0.43 -0.71 
SS 84                  21 -0.29 -0.43 0.14 
SS 85                  21 -0.29 -0.43 0.14 
SS 86         21 -0.14 0.43 -0.29 
SS 87         21 -0.14 0.43 -0.29 
SS 88                        21 0.00 -1.00 -0.43 
SS 89                        21 0.00 -1.00 -0.43 
SS 90                        21 0.00 -1.00 -0.14 
SS 91                        21 0.00 -1.00 -0.14 
SS 92                        21 0.00 -1.00 0.14 
On Extension-Shearing Bending Twisting coupled laminates 
 A72 
SS 93                        21 0.00 -1.00 0.43 
SS 94         21 0.14 0.43 -0.29 
SS 95         21 0.14 0.43 -0.29 
SS 96                  21 0.29 -0.43 -0.71 
SS 97                  21 0.29 -0.43 -0.71 
SS 98                  21 0.29 -0.43 0.14 
SS 99                  21 0.29 -0.43 0.14 
SS 100               21 0.43 -0.14 -0.57 
SS 101               21 0.43 -0.14 -0.57 
SS 102            21 0.57 0.14 -0.43 
SS 103         21 0.71 0.43 -0.29 
 
